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EICOSANOID DERIVATIVES

The present invention relates to compounds which are ana-
logues of polyunsaturated fatty acids (PUFAs). The present
invention further relates to compositions containing one or
more of these compounds and to the use of these compounds
or compositions for the treatment or prevention of conditions
and diseases associated with inflammation, proliferation,
hypertension, coagulation, immune function, heart failure
and cardiac arrhythmias.

BACKGROUND

Fatty acids are one of the most extensively studied classes
of compounds due to their important role in biological sys-
tems (Ferrante, A, Hii, C. S. T., Huang, Z. H., Rathjen, D. A.
In The Neutrophils New Outlook for the Old Cells. (Ed.
Gabrilovich, D.) Imperial College Press (1999) 4: 79-150;
Sinclair, A., and Gibson, R. (eds) 1992. Invited papers from
the Third International Congress. American Oil
Chemists’Society, Champaign, I11. 1-482). Hundreds of dif-
ferent fatty acids exist in nature and among them. Naturally
occurring polyunsaturated fatty acids (PUFAs) contain 16 to
22 carbon atoms with two or more methylene-interrupted
double bonds.

PUFAs can be divided into four families, based on the
parent fatty acids from which they are derived: linoleic acid
(18: 2 n-6), a-linolenic acid (18: 3 n-3), oleic acid (18: 1 n-9)
and palmitoleic acid (16: 1 n-7). The n-6 and n-3 PUFAs
cannot be synthesized by mammals and are known as essen-
tial fatty acids (EFAs). They are acquired by mammalian
bodies indirectly through desaturation or elongation of
linoleic and a-linolenic acids, which must be supplied in the
diet.

EFAs have a variety of biological activities and n-3 PUFAs
are required for normal human health (Spector, A. A. (1999)
Lipids 34, 1-3). For instance, dietary n-3 PUFAs have effects
on diverse physiological processes impacting normal health
and chronic disease (for a review, see, for example, Jump, D.
B. (2002) J. Biol. Chem. 277, 8755-8758), such as the regu-
lation of plasma lipid levels (Rambjor, G. S., Walen, A. L.,
Windsor, S. L., and Harris, W. S. (1996) Lipid 31, 45-49;
Harris, W. S. (1997) Am. J. Clin. Nutr. 65, 1645-1654; Harris,
W. S. Hustvedt, B-E., Hagen, E., Green, M. H., Lu, G. and
Drevon, C. A. (1997) J. Lipid Res. 38, 503-515; Mori, T. A.,
Burke, V., Puddey, 1. B., Watts, G. F., O’Neal, D. N., Best, J.
D., and Beilen, L. J. (2000) Am. J. Clin. Nutr. 71, 1085-1094),
cardiovascular (Nordoy, A. (1999) Lipids 34, 19-22; Sell-
mayer, A., Hrboticky, N., and Weber, P. C. (1999) Lipids 34,
13-18; Leaf, A. (2001) J. Nutr. Health Aging 5, 173-178) and
immune function (Hwang, D. (2000) Annu. Rev. Nutr. 20,
431-456), insulin action (Storlien, L., Hulbert, A.J., and Else,
P. L. (1998) Curr. Opin. Clin. Nutr. Metab. Care 1, 559-563;
Storlien, L. H., Kriketos, A. D., Calvert, G. D., Baur, L. A,
and Jenkins, A. B. (1997) Prostaglandins Leukotrienes
Essent. Fatty Acids 57,379-385), and neuronal development
and visual function (Salem, N., Jr., Litman, B., Kim, H-Y.,
and Gawrisch, K. (2001) Lipids 36, 945-959). Ingestion of
n-3 PUFA will lead to their distribution to virtually every cell
in the body with effects on membrane composition and func-
tion, eicosanoid synthesis, and signaling as well as the regu-
lation of gene expression (Salem, N., Jr.,, Litman, B., Kim,
H-Y., and Gawrisch, K. (2001) Lipids 36, 945-959; Jump, D.
B., and Clarke, S. D. (1999) Annu. Rev. Nutr. 19, 63-90;
Duplus, E., Glorian, M., and Forest, C. (2000) 275, 30749-
30752; Dubois, R. N., Abramson, S. B., Crofford, L., Gupta,
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R. A., Simon, L. S., Van De Putte, L. B. A., and Lipsky, P. E.
(1998) FASEB J. 12, 1063-1073).

Additionally, it has been suggested that n-3 PUFAs are
important modulators of neoplastic development because
they are capable of decreasing the size and number of tumours
as well as the lag time of tumour appearance (Abel, S.,
Gelderblom, W. C. A., Smuts, C. M., Kruger M. (1997) Pros.
Leuko. and Essential, 56 (1): 29-39). Intake of n-3 PUFAs has
been found to be associated with a reduced incidence of
coronary arterial diseases, and various mechanisms by which
n-3 PUFAs act have been proposed (Krombout, D. (1992)
Nutr. Rev. 50: 49-53; Kinsella, J. E., Lokesh, B., Stone R. A.
(1990) Am. J. Clin. Nuer. 52: 1-28). Some n-3 PUFAs also
possess antimalarial (Kumaratilake, L.. M., Robinson, B. S.,
Ferrante, A., Poulos A. (1992) J. Am. Soc. Clin. Investigation
89: 961-967) or anti-inflammatory properties (Weber, P. C.
(1990) Biochem. Soc. Trans. 18: 1045-1049).

Furthermore, one of the EFAs’ most important biological
roles is to supply precursors for the production of bioactive
fatty acid metabolites that can modulate many functions
(Arm, J. P., and Lee, T. H. (1993) Clin. Sci. 84: 501-510). For
instance, arachidonic acid (AA; 20:4, n-6) is metabolized by
Cytochrome P450 (CYP) enzymes to several classes of oxy-
genated metabolites with potent biological activities (Roman
R J. P-450 metabolites of arachidonic acid in the control of
cardiovascular function. Physiol Rev. 2002; 82:131-85).
Major metabolites include 20-hydroxyeicosatetraenoic acid
(20-HETE) and a series of regio- and stereoisomeric epoxye-
icosatrienoic acids (EETs). CYP4A and CYP4F isoforms
produce 20-HETE and CYP2C and CYP2J isoforms EETs.

Itis known that EPA (20:5, n-3) may serve as an alternative
substrate for AA-metabolizing CYP isoforms (Theuer I,
Shagdarsuren E, Muller D N, Kaergel E, Honeck H, Park J K,
Fiebeler A, Dechend R, Haller H, Luft F C, Schunck W H.
Inducible NOS inhibition, eicosapentaenoic acid supplemen-
tation, and angiotensin II-induced renal damage. Kidney Int.
2005; 67:248-58; Schwarz D, Kisselev P, Ericksen S S,
Szklarz G D, Chemogolov A, Honeck H, Schunck W H,
Roots I. Arachidonic and eicosapentaenoic acid metabolism
by human CYP1A1l: highly stereoselective formation of
17(R),18(S)-epoxycicosatetraenoic acid. Biochem Pharma-
col. 2004; 67:1445-57; Schwarz D, Kisselev P, Chemogolov
A, Schunck W H, Roots I. Human CYP1A1 variants lead to
differential eicosapentaenoic acid metabolite patterns. Bio-
chem Biophys Res Commun. 2005; 336:779-83; Lauterbach
B, Barbosa-Sicard E, Wang M H, Honeck H, Kargel E,
Theuer J, Schwartzman M L, Haller H, Luft F C, Gollasch M,
Schunck W H. Cytochrome P450-dependent eicosapen-
taenoic acid metabolites are novel BK channel activators.
Hypertension. 2002;39:609-13; Barbosa-Sicard E, Markovic
M, Honeck H, Christ B, Muller D N, Schunck W H. Eicosa-
pentaenoic acid metabolism by cytochrome P450 enzymes of
the CYP2C subfamily. Biochem Biophys Res Commun. 2005;
329:1275-81). A remarkable feature of CYP-dependent n-3
PUFA metabolism is the prefrerred epoxidation of the n-3
double bond which distinguishes EPA and DHA from AA.
The resulting metabolites—17,18-EETeTr from EPA and
19,20-EDP from DHA—are unique in having no homolog
within the series of AA products.

EETs and 20-HETE play important roles in the regulation
of various cardiovascular functions (Roman R J. P-450
metabolites of arachidonic acid in the control of cardiovas-
cular function. Physiol Rev. 2002; 82:131-85). It has been
shown that Ang II-induced hypertension is associated with a
down-regulation of CYP-dependent AA metabolism (Kaer-
gel E, Muller D N, Honeck H, Theuer J, Shagdarsuren E,
Mullally A, Luft F C, Schunck W H. P450-dependent arachi-
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donic acid metabolism and angiotensin II-induced renal dam-
age. Hypertension. 2002;40:273-9) in a double-transgenic rat
(dTGR) model of Ang II-induced hypertension and end-or-
gan damage (Luft F C, Mervaala E, Muller D N, Gross V,
Schmidt F, Park J K, Schmitz C, Lippoldt A, Breu'V, Dechend
R, Dragun D, Schneider W, Ganten D, Haller H. Hyperten-
sion-induced end-organ damage: A new transgenic approach
to an old problem. Hypertension. 1999; 33:212-8). The trans-
genic rats harbor the human renin and angiotensinogen genes,
produce Ang I locally and develop significant hypertension,
myocardial infarction and albuminuria. The animals die of
myocardial and renal failure before the eighth week of age.
The model shows severe features of Ang II-induced inflam-
mation. Reactive oxygen species are generated, the transcrip-
tion factors NF-xB and AP-1 are activated, and genes harbor-
ing binding sites for these transcription factors are activated.

Recently, it has been shown that eicosapentaenoic acid
(EPA) supplementation significantly reduced the mortality of
dTGR J, Shagdarsuren E, Muller D N, Kaergel E, Honeck H,
Park JK, Fiebeler A, Dechend R, Haller H, Luft F C, Schunck
W H. Inducible NOS inhibition, eicosapentaenoic acid
supplementation, and angiotensin II-induced renal damage.
Kidney Int. 2005; 67:248-58). Additionally, it has been shown
that dTGR develop ventricular arrhythmias based on Ang
II-induced electrical remodeling (Fischer R, Dechend R,
Gapelyuk A, Shagdarsuren E, Gruner K, Gruner A, Gratze P,
Qadri F, Wellner M, Fiebeler A, Dietz R, Luft F C, Muller D
N, Schirdewan A. Angiotensin [I-induced sudden arrhythmic
death and electrical remodeling. Am J Physiol Heart Circ
Physiol. 2007; 293:H1242-1253). Treatment of the dTGR
rats with a PPAR-alpha activator strongly induced CYP2C23-
dependent EET production and protected against hyperten-
sion and end-organ damage (Muller D N, Theuer J, Shagdar-
suren E, Kaergel E, Honeck H, Park J K, Markovic M,
Barbosa-Sicard E, Dechend R, Wellner M, Kirsch T, Fiebeler
A, Rothe M, Haller H, Luft F C, Schunck W H. A peroxisome
proliferator-activated receptor-alpha activator induces renal
CYP2C23 activity and protects from angiotensin II-induced
renal injury. Am J Pathol. 2004; 164:521-32). Long-term
feeding of dTGR (from week 4 to 7 of age) with a mixture of
pure EPA- and DHA-ethyl esters (Omacor from Solvay Arz-
neimittel, Hannover, Germany) improved the electrical
remodeling of the heart in this model of angiotensin II-in-
duced hypertension. In particular, EPA and DHA reduced the
mortality, suppressed the inducibility of cardiac arrhythmias
and protected against connexin 43-gap junctional remodeling
(Fischer R, Dechend R, Qadri F, Markovic M, Feldt S, Herse
F, Park J K, Gapelyuk A, Schwarz I, Zacharzowsky U B,
Plehm R, Safak E, Heuser A, Schirdewan A, Luft F C,
Schunck W H, Muller D N. Dietary n-3 polyunsaturated fatty
acids and direct renin inhibition improve electrical remodel-
ing in a model of high human renin hypertension. Hyperten-
sion. 2008 February; 51(2):540-6). EPA was also shown to
reduce the spontaneous beating rate, to prevent Ca* induced
arrhythmias and to electrically stabilize neonatal rat cardi-
omyocytes (Leaf A, Kang J X, Xiao Y F, Billman G E. Clinical
prevention of sudden cardiac death by n-3 polyunsaturated
fatty acids and mechanism of prevention of arrhythmias by
n-3 fish oils. Circulation. 2003; 107:2646-52). In general,
CYP-dependent eicosanoids have to be considered as second
messengers: EETs and 20-HETE are produced by CYP
enzymes after extracellular signal induced release of AA
from membrane phospholipids (by phospholipase A2) and
exert their function in the context of signaling pathways
modulating ion transport, cell proliferation and inflamma-
tion. Depending on the diet, n-3 PUFAs partially replace AA
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at the sn2-position of phospholipids and may thus become
involved as alternative molecules in the subsequent signaling
pathways.

The few studies on the biological activities of CYP-depen-
dent eicosanoids in the heart indicate important roles for
EETs and 20-HETE in the regulation of L-type Ca** and
sarcolemmal and mitochondrial ATP-sensitive potassium
(K ,7p) channels. In cardiac myocytes, L-type Ca®* currents
and cell shorting are reduced upon inhibition of EET genera-
tion and these effects can be reversed by adding 11,12-EET
(Xiao Y F, Huang I, Morgan J P. Cytochrome P450: a novel
system modulating Ca2+ channels and contraction in mam-
malian heart cells. J. Physiol. 1998; 508 (Pt3):777-92). EETs
were also shown to activate cardiac K, channels. This
effect is highly stereoselective: only the S,R but not the R,S-
enantiomer of 11,12-EET was effective (Lu T, VanRollins M,
Lee HC. Stereospecific activation of cardiac ATP-sensitive
K(+) channels by epoxyeicosatrienoic acids: a structural
determinant study. Mol. Pharmacol. 2002; 62:1076-83).
Overexpression of the EET-generating human CYP2J2
resulted in an improved postischemic functional recovery of
the transgenic mouse heart via activation of K, channels
(Seubert J, Yang B, Bradbury J A, Graves J, Degraff [. M,
Gabel S, Gooch R, Foley J, Newman J, Mao L., Rockman HA,
Hammock B D, Murphy E, Zeldin D C. Enhanced postis-
chemic functional recovery in CYP2J2 transgenic hearts
involves mitochondrial ATP-sensitive K* channels and p42/
p44 MAPK pathway. Circ Res. 2004; 95:506-14). 20-HETE
appears to play an opposite role by acting as an endogenous
K ,7» channel blocker (Gross E R, Nithipatikom K, Hsu A K,
Peart J N, Falck J R, Campbell W B, Gross G J. Cytochrome
P450 omega-hydroxylase inhibition reduces infarct size dur-
ing reperfusion via the sarcolemmal KATP channel. J Mo/
Cell Cardiol. 2004; 37:1245-9; Nithipatikom K, Gross E R,
Endsley M P, Moore I M, Isbell M A, Falck J R, Campbell W
B, Gross G J. Inhibition of cytochrome P450omega-hydroxy-
lase: a novel endogenous cardioprotective pathway. Circ Res.
2004; 95:¢65-71).

Although n-3 PUFAs play important roles in the biological
process of the mammalian body, they are not widely used as
therapeutics due to their limited availability in vivo. They are
readily degradable by p-oxidation, which is the major oxida-
tive pathway in fatty acid metabolism. The net process of
[p-oxidation is characterised by the degradation of the fatty
acid carbon chain by two carbon atoms with the concomitant
production of equimolar amounts of acetyl-coenzyme A.

To overcome the problem of -oxidation, W096/11908
discloses modified PUFAs, such as the g-oxa and (3-thia
PUFAs). These compounds were shown to have enhanced
resistance to -oxidation while still retaining certain biologi-
cal activities of the native PUFAs.

Finally, new agents for the treatment or prevention of con-
ditions and diseases associated with inflammation, prolifera-
tion, hypertension, coagulation, immune function, heart fail-
ure and cardiac arrhythmias are of considerable interest as
these conditions account for a significant number of death in
patients and administration of many of the presently
employed drugs is associated with complex drug interactions
and many adverse side effects.

Therefore, the problem underlying the present invention is
to provide new analogues of n-3 PUFA metabolites, which are
more stable against deactivation by soluble epoxide hydro-
lase and/or are less prone to auto-oxidation, and which have
anti-inflammatory, anti-proliferative, anti-hypertension, anti-
coagulation, or immune-modulating activity, especially car-
dioprotective activity.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structures of compounds whose effect on
NRCM cultures tested as well as the results obtained.

FIG. 2 shows potential antagonists of compound C4 and
their effect in NRCM cultures in the presence of compound
C4.

FIG. 3 shows potential antagonists and their effect on
NRCM cultures in the presence of different agonists.

FIG. 4 shows the negative chronotropic effects of EPA
(01), 17,18-EETeTr (02) and of the synthetic agonist C13 are
blocked by 11,12-EET, compound C3, AH6089 (unselective
prostanoid receptor antagonist) and calphostin C (PKC-in-
hibitor) but not by H89 (PKA inhibitor). The positive chro-
notropic effect of butaprost (EP2 agonist) is blocked by
AH6089 and H89 but not by C3 and caplphostin C.

FIG. 5 shows that the synthetic agonist C11 suppresses the
response of NRCMs to [-adrenergic stimulation (isoptroter-
enol, FIG. 5A) and increased extracellular Ca®*" concentra-
tions (FIG. 5 B).

FIG. 6 shows that treatment with compound C17, a syn-
thetic agonist of 17, 18-EETeTr, ameliorates the frequency
(A) and severity (B) of cardiac arrhythmias in a rat model of
myocardial infarction.

SUMMARY OF THE INVENTION

The present invention relates to a compound of the general
formula (I):

@

1
\(\{ Z\Y/X\/W\/V\/U\/TM B\/R

or a pharmacologically acceptable salt, solvate, hydrate or a
pharmacologically acceptable formulation thereof, wherein
R! is selected from

%CHZOH; %CHzoAC;
%NHSOZ alkyl: }{g N % et

CHO;

0
HN—O SA(
NH; %NO,
k& /KO 2

%SOZNHZ, ‘g_(

R? is hydroxy, heteroalkyl, alkoxy, polyalkoxyalkyl, NR*R*,
(NHS(0),-m-(C,H,)N; or Xaa, ;

R? and R* are each and independently of each other selected
from hydrogen atom, hydroxy, alkyl, heteroalkyl,
cycloalkyl,  alkylcycloalkyl,  heteroalkylcycloalkyl,
aralkyl, or heteroaralkyl;
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Xaa is Gly, a conventional D,L-, D- or L-amino acid, a non-
conventional D,L-, D- or L-amino acid, or a 2- to 10-mer
peptide, wherein Xaa is joined to —C(O) by an amide
bond;

o is an integer selected from 1 to 10;

Bis CH,, O, or S;

m is an integer from 1 to 6;

T, U, V, and W are each and independently of each other
selected from —CH,CH,—, and cis or trans
—CH—CH—, with the proviso that at least one of T, U, V
or Wis —CH,CH,—;

X is absent or selected from CH, CH,, and NR®, with the
proviso that X is only CH if'it forms together with Y and Z
an epoxy group;

Z is selected from CH, CH,, and NR>, with the proviso that Z
is only CH if it forms together with X and Y an epoxy
group;

R® and R”' are each and independently of each other selected

from a hydrogen atom, a hydroxy, alkyl, cycloalkyl, alky-
Ieycloalkyl, heteroalkylcycloalkyl, aralkyl, or het-
eroaralkyl group;

Y is —C(O)—, —C(0)—C(O)—, —O—, or —S—; and
n is an integer from 0 to 6.

Compounds are generally described herein using standard
nomenclature. For compounds having asymmetric centers, it
should be understood that, unless otherwise specified, all of
the optical isomers and mixtures thereof are encompassed.
Compounds with two or more asymmetric elements can also
be present as mixtures of diastereomers. In addition, com-
pounds with carbon-carbon double bonds may occur in Z-
and E-forms, with all isomeric forms of the compounds being
included in the present invention unless otherwise specified.
Where a compound exists in various tautomeric forms, a
recited compound is not limited to any one specific tautomer,
but rather is intended to encompass all tautomeric forms.
Recited compounds are further intended to encompass com-
pounds in which one or more atoms are replaced with an
isotope, i.e., an atom having the same atomic number but a
different mass number. By way of general example, and with-
out limitation, isotopes of hydrogen include tritium and deu-
terium and isotopes of carbon include '*C, **C, and **C.

Compounds according to the formulas provided herein,
which have one or more stereogenic center(s), have an enan-
tiomeric excess of at least 50%. For example, such com-
pounds may have an enantiomeric excess of at least 60%,
70%, 80%, 85%, 90%, 95%, or 98%. Some embodiments of
the compounds have an enantiomeric excess of at least 99%.
It will be apparent that single enantiomers (optically active
forms) can be obtained by asymmetric synthesis, synthesis
from optically pure precursors, biosynthesis, e.g. using modi-
fied CYP102 (CYP BM-3) or by resolution of the racemates,
e.g. enzymatic resolution or resolution by conventional meth-
ods such as crystallization in the presence of a resolving
agent, or chromatography, using, for example, a chiral HPL.C
column.

Certain compounds are described herein using a general
formula that includes variables such as, e.g. B, R*-R>, T, U, V,
W, X, Y, and Z. Unless otherwise specified, each variable
within such a formula is defined independently of any other
variable, and any variable that occurs more than one time in a
formula is defined independently at each occurrence. Thus,
for example, if a group is shown to be substituted with 0-2 R*,
the group may be unsubstituted or substituted with up to two
R* groups and R* at each occurrence is selected indepen-
dently from the definition of R*. Also, combinations of sub-
stituents and/or variables are permissible only if such combi-
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nations result in stable compounds, i.e., compounds that can
be isolated, characterized and tested for biological activity.

A “pharmaceutically acceptable salt” of a compound dis-
closed herein is an acid or base salt that is generally consid-
ered in the art to be suitable for use in contact with the tissues
of human beings or animals without excessive toxicity or
carcinogenicity, and preferably without irritation, allergic
response, or other problem or complication. Such salts
include mineral and organic acid salts of basic residues such
as amines, as well as alkali or organic salts of acidic residues
such as carboxylic acids.

Suitable pharmaceutical salts include, but are not limited
to, salts of acids such as hydrochloric, phosphoric, hydrobro-
mic, malic, glycolic, fumaric, sulfuric, sulfamic, sulfanilic,
formic, toluenesulfonic, methanesulfonic, benzenesulfonic,
ethane disulfonic, 2-hydroxyethylsulfonic, nitric, benzoic,
2-acetoxybenzoic, citric, tartaric, lactic, stearic, salicylic,
glutamic, ascorbic, pamoic, succinic, fumaric, maleic, propi-
onic, hydroxymaleic, hydroiodic, phenylacetic, alkanoic
such as acetic, HOOC—(CH,),—COOH where n is any inte-
ger from 010 6,1.e.0,1,2,3,4, 5or 6, and the like. Similarly,
pharmaceutically acceptable cations include, but are not lim-
ited to sodium, potassium, calcium, aluminum, lithium and
ammonium. Those of ordinary skill in the art will recognize
further pharmaceutically acceptable salts for the compounds
provided herein. In general, a pharmaceutically acceptable
acid or base salt can be synthesized from a parent compound
that contains a basic or acidic moiety by any conventional
chemical method. Briefly, such salts can be prepared by react-
ing the free acid or base forms of these compounds with a
stoichiometric amount of the appropriate base or acid in water
or in an organic solvent, or in a mixture of the two. Generally,
the use of nonaqueous media, such as ether, ethyl acetate,
ethanol, isopropanol or acetonitrile, is preferred.

It will be apparent that each compound of formula (1) may,
but need not, be present as a hydrate, solvate or non-covalent
complex. In addition, the various crystal forms and polymor-
phs are within the scope of the present invention, as are
prodrugs of the compounds of formula (I) provided herein.

A “prodrug” is a compound that may not fully satisfy the
structural requirements of the compounds provided herein,
but is modified in vivo, following administration to a subject
or patient, to produce a compound of formula (I) provided
herein. For example, a prodrug may be an acylated derivative
of a compound as provided herein. Prodrugs include com-
pounds wherein hydroxy, carboxy, amine or sulthydryl
groups are bonded to any group that, when administered to a
mammalian subject, cleaves to form a free hydroxy, carboxy,
amino, or sulthydryl group, respectively. Examples of pro-
drugs include, but are not limited to, acetate, formate, phos-
phate and benzoate derivatives of alcohol and amine func-
tional groups within the compounds provided herein.
Prodrugs of the compounds provided herein may be prepared
by moditying functional groups present in the compounds in
such a way that the modifications are cleaved in vivo to
generate the parent compounds.

A “substituent,” as used herein, refers to a molecular moi-
ety that is covalently bonded to an atom within a molecule of
interest. For example, a “ring substituent” may be a moiety
such as a halogen, alkyl group, haloalkyl group or other
substituent described herein that is covalently bonded to an
atom, preferably a carbon or nitrogen atom, that is a ring
member. The term “substituted,” as used herein, means that
any one or more hydrogens on the designated atom is replaced
with a selection from the indicated substituents, provided that
the designated atom’s normal valence is not exceeded, and
that the substitution results in a stable compound, i.e., a com-
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pound that can be isolated, characterized and tested for bio-
logical activity. When a substituent is oxo, i.e., —O, then 2
hydrogens on the atom are replaced. An oxo group that is a
substituent of an aromatic carbon atom results in a conversion
of —CH— to —C(—0)— and a loss of aromaticity. For
example a pyridyl group substituted by oxo is a pyridone.

Asused herein, the term “amino acid” refers to any organic
acid containing one or more amino substituents, e.g. a.-, 3- or
y-amino, derivatives of aliphatic carboxylic acids. In the
polypeptide notation used herein, e.g. Xaas, ie.
Xaa, Xaa,Xaa;Xaa,Xaas, wherein Xaa, to Xaa are each and
independently selected from amino acids as defined, the left-
hand direction is the amino terminal direction and the right-
hand direction is the carboxy terminal direction, in accor-
dance with standard usage and convention. The term
“conventional amino acid” refers to the twenty naturally
occurring amino acids, which are selected from the group
consisting of Glycine, Leucine, Isoleucine, Valine, Alanine,
Phenylalanine, Tyrosine, Tryptophan, Aspartic acid, Aspar-
agine, Glutamic acid, Glutamine, Cysteine, Methionine,
Arginine, Lysine, Proline, Serine, Threonine and Histidine,
and encompasses all stereomeric isoforms, i.e. D,L.-, D- and
L-amino acids thereof. These conventional amino acids can
herein also be referred to by their conventional three-letter or
one-letter abbreviations and their abbreviations follow con-
ventional usage (see, for example, Immunology—A Synthesis,
27 Edition, E. S. Golub and D. R. Gren, Eds., Sinauer Asso-
ciates, Sunderland Mass. (1991)).

The term “non-conventional amino acid” refers to unnatu-
ral amino acids or chemical amino acid analogues, e.g. a,o.-
disubstituted amino acids, N-alkyl amino acids, homo-amino
acids, dehydroamino acids, aromatic amino acids (other than
phenylalanine, tyrosine and tryptophan), and ortho-, meta- or
para-aminobenzoic acid. Non-conventional amino acids also
include compounds which have an amine and carboxyl func-
tional group separated in a 1,3 or larger substitution pattern,
such as [-alanine, y-amino butyric acid, Freidinger lactam,
the bicyclic dipeptide (BTD), amino-methyl benzoic acid and
others well known in the art. Statine-like isosteres, hydroxy-
ethylene isosteres, reduced amide bond isosteres, thioamide
isosteres, urea isosteres, carbamate isosteres, thioether isos-
teres, vinyl isosteres and other amide bond isosteres known to
the art may also be used.

Theuse of analogues or non-conventional amino acids may
improve the stability and biological half-life of the added
peptide since they are more resistant to breakdown under
physiological conditions. The person skilled in the art will be
aware of similar types of substitution which may be made.

A non limiting list of non-conventional amino acids which
may be used as suitable building blocks for a peptide and their
standard abbreviations (in brackets) is as follows: c-ami-
nobutyric acid (Abu), L-N-methylalanine (Nmala), a-amino-
a-methylbutyrate (Mgabu), [-N-methylarginine (Nmarg),
aminocyclopropane (Cpro), L-N-methylasparagine
(Nmasn), carboxylate L-N-methylaspartic acid (Nmasp),
aminoisobutyric acid (Aib), L-N-methylcysteine (Nmcys),
aminonorbornyl (Norb), L-N-methylglutamine (Nmgln), car-
boxylate L-N-methylglutamic acid (Nmglu), cyclohexylala-
nine (Chexa), L-N-methylhistidine (Nmbhis), cyclopentylala-
nine (Cpen), L-N-methylisolleucine (Nmile), L-N-
methylleucine (Nmleu), L-N-methyllysine (Nmlys), L-N-
methylmethionine (Nmmet), L-N-methylnorleucine
(Nmnle), L-N-methylnorvaline (Nmnva), L-N-methylorni-
thine (Nmorn), [-N-methylphenylalanine (Nmphe), L-N-
methylproline (Nmpro), [-N-methylserine (Nmser), [-N-
methylthreonine (Nmthr), L-N-methyltryptophan (Nmitrp),
D-ornithine (Dorn), L-N-methyltyrosine (Nmtyr), [.-N-me-
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thylvaline (Nmval), L-N-methylethylglycine (Nmetg), [.-N-
methyl-t-butylglycine (Nmtbug), L-norleucine (Nle), L-nor-
valine (Nva), a-methyl-aminoisobutyrate (Maib), a.-methyl-
y-aminobutyrate (Mgabu), D-ca-methylalanine (Dmala),
a-methylcyclohexylalanine (Mchexa), D-a-methylarginine
(Dmarg), a.-methylcylcopentylalanine (Mcpen), D-c.-methy-
lasparagine (Dmasn), a-methyl-a-napthylalanine (Manap),
D-o-methylaspartate  (Dmasp), a-methylpenicillamine
(Mpen), D-a-methyleysteine (Dmcys), N-(4-aminobutyl)
glycine (Nglu), D-a-methylglutamine (Dmgln), N-(2-ami-
noethyl)glycine (Naeg), D-a-methylhistidine (Dmhis), N-(3-
aminopropyl)glycine (Norn), D-a-methylisoleucine
(Dmile), N-amino-a-methylbutyrate (Nmaabu), D-a-meth-
ylleucine (Dmleu), ai-napthylalanine (Anap), D-o-methyll-
ysine (Dmlys), N-benzylglycine (Nphe), D-a-methylme-
thionine (Dmmet), N-(2-carbamylethyl)glycine (NgIn), D-c.-
methylornithine  (Dmorn), N-(carbamylmethyl)glycine
(Nasn), D-a-methylphenylalanine (Dmphe), N-(2-carboxy-
ethyl)glycine (Nglu), D-a-methylproline (Dmpro), N-(car-
boxymethyl)glycine (Nasp), D-c-methylserine (Dmser),
N-cyclobutylglycine (Ncbut), D-c-methylthreonine
(Dmthr), N-cycloheptylglycine (Nchep), D-a-methyltryp-
tophan (Dmtrp), N-cyclohexylglycine (Nchex), D-a-methyl-
tyrosine (Dmty), N-cyclodecylglycine (Ncdec), D-c.-meth-
ylvaline (Dmval), N-cylcododecylglycine (Ncdod), D-N-
methylalanine (Dnmala), N-cyclooctylglycine (Ncoct), D-N-
methylarginine (Dnmarg), N-cyclopropylglycine (Ncpro),
D-N-methylasparagine (Dnmasn), N-cycloundecylglycine
(Necund), D-N-methylaspartate (Dnmasp), N-(2,2-diphenyl-
ethyl)glycine (Nbhm), D-N-methylcysteine (Dnmcys), N-(3,
3-diphenylpropyl)glycine (Nbhe), D-N-methylglutamine
(Dnmgln), N-(3-guanidinopropyl)glycine (Narg), D-N-me-
thylglutamate (Dnmglu), N-(1 hydroxyethyl)glycine (Ntbx),
D-N-methylhistidine (Dnmhis), N-(hydroxyethyl))glycine
(Nser), D-N-methylisoleucine (Dnmile), N-(imidazolyl-
ethyl))glycine (Nhis), D-N-methylleucine (Dnmleu), N-(3-
indolylyethyl)glycine (Nhtrp), D-N-methyllysine (Dnnilys),
N-methyl-y-aminobutyrate (Nmgabu), N-methylcyclohexy-
lalanine (Nmchexa), D-N-methylmethionine (Dnmmet),
D-N-methylornithine (Dnmorn), N-methylcyclopentylala-
nine (Nmepen), N-methylglycine (Nala), D-N-methylpheny-
lalanine (Dnmphe), N-methylaminoisobutyrate (Nmaib),
D-N-methylproline (Dnmpro), N-(1 methylpropyl)glycine
(Nile), D-N-methylserine (Dnmser), N-(2-methylpropyl)gly-
cine (Nleu), D-N-methylthreonine (Dnmthr), D-N-methyl-
tryptophan (Dnmtrp), N-(1-methylethyl)glycine (Nval),
D-N-methyltyrosine (Dnmtyr), N-methyla-napthylalanine
(Nmanap), D-N-methylvaline (Dnmval), N-methylpenicil-
lamine (Nmpen), y-aminobutyric acid (Gabu), N-(p-hydrox-
yphenyl)glycine (Nhtyr), L-/-butylglycine (Tbug), N-(thiom-
ethyl)glycine (Ncys), L-ethylglycine (Etg), penicillamine
(Pen), L-homophenylalanine (Hphe), L-a-methylalanine
(Mala), L-a-methylarginine (Marg), [.-a-methylasparagine
(Masn), L-a-methylaspartate (Masp), L-a-methyl-t-butylg-
lycine (Mtbug), L-a-methylcysteine (Mcys), L-methyleth-
ylglycine (Metg), L-a-methylglutamine (Mgln), L-c.-meth-
ylglutamate (Mglu), L-a-methylhistidine (Mhis), L-a-
methylhomophenylalanine (Mhphe), L-a-methylisoleucine
(Mile), N-(2-methylthioethyl)glycine (Nmet), L-c-meth-
ylleucine (Mleu), L-a-methyllysine (Mlys), L-a-methylme-
thionine (Mmet), L-a-methylnorleucine (Mnle), L-c.-meth-
ylnorvaline (Mnva), L-a-methylornithine (Morn), L-a-
methylphenylalanine (Mphe), L-a-methylproline (Mpro),
L-a-methylserine (Mser), L-a-methylthreonine (Mthr), L-a-
methyltryptophan (Mtrp), L-a-methyltyrosine (Mtyr), L-c.-
methylvaline (Mval), L-N-methylhomophenylalanine (Nmh-
phe), N-(N-(2,2-diphenylethyl)carbamylmethyl)glycine
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10
(Nnbhm), N-(N-(3,3-diphenylpropyl)carbamylmethyl)gly-
cine (Nnbhe), 1-carboxy-1-(2,2-diphenyl-ethylamino)cyclo-
propane (Nmbc), L-O-methyl serine (Omser), L-O-methyl
homoserine (Ombhser).

The expression alkyl refers to a saturated, straight-chain or
branched hydrocarbon group that contains from 1 to 20 car-
bon atoms, preferably from 1 to 10 carbon atoms, e.g. a
n-octyl group, especially from 1 to 6, 1.e. 1,2, 3,4, 5, or 6,
carbon atoms, for example a methyl, ethyl, propyl, iso-pro-
pyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-
pentyl, n-hexyl, or 2,2-dimethylbutyl.

The expressions alkenyl and alkynyl refer to at least par-
tially unsaturated, straight-chain or branched hydrocarbon
groups that contain from 2 to 20 carbon atoms, preferably
from 2 to 10 carbon atoms, especially from 2 to 6,1.e. 2,3, 4,
5 or 6, carbon atoms, for example an ethenyl (vinyl), propenyl
(allyl), iso-propenyl, butenyl, ethinyl, propinyl, butinyl,
acetylenyl, propargyl, isoprenyl or hex-2-enyl group. Prefer-
ably, alkenyl groups have one or two (especially preferably
one) double bond(s), and alkynyl groups have one or two
(especially preferably one) triple bond(s).

Furthermore, the terms alkyl, alkenyl and alkynyl refer to
groups in which one or more hydrogen atom(s) have been
replaced, e.g. by a halogen atom, preferably F or Cl, such as,
forexample, a 2,2,2-trichloroethyl or a trifluoromethyl group.

The expression heteroalkyl refers to an alkyl, alkenyl or
alkynyl group in which one or more, preferably 1, 2 or 3,
carbon atoms, have been replaced independently of each
other by an oxygen, nitrogen, phosphorus, boron, selenium,
silicon or sulfur atom, preferably by an oxygen, sulfur or
nitrogen atom. The expression heteroalkyl can also refer to a
carboxylic acid or to a group derived from a carboxylic acid,
such as, for example, acyl, acylalkyl, alkoxycarbonyl, acy-
loxy, acyloxyalkyl, carboxyalkylamide or alkoxycarbony-
loxy.

Preferably, a heteroalkyl group contains from 1 to 10 car-
bon atoms and from 1 to 4 hetero atoms selected from oxygen,
nitrogen and sulphur (especially oxygen and nitrogen). Espe-
cially preferably, a heteroalkyl group contains from 1 to 6, 1.e.
1,2,3, 4,5, or 6, carbon atoms and 1, 2 or 3, especially 1 or
2, hetero atoms selected from oxygen, nitrogen and sulphur,
especially oxygen and nitrogen.

Examples of heteroalkyl groups are groups of formulae:
R*—0O—Y*—, R*—S—Y*—, R“—NR*)—Y“,
R*—CO—Y*-, R*—0O0—CO—Y*—, R*—CO—0O—Y*,
R“—CO—N(R?)—Y*, R*-N(R*)—CO—Y*, R*—O—
CO—N(R*)—Y“, R“NR’»—CO—0O—Y*“—, RN
(R®)—CO—N(R)—Y*—, R*—O0—CO—O0—Y*"—,

R“NR”)—C(=NRH)—NR)»—Y*—, R*“—CS—Y“,
R—O—CS—Y"—, R"—CS—0O—Y"—, R*—CS—N
RH—Y*—, R*—NR)—CS—Y*, R*—O0O—CS—N
R*»—Y*—, R“—NR’)—CS—0—Y*, R*NR"»—
CS—N(R%)—Y*—, R*—O—CS—0—Y*—, R*—S—
CO—Y"—, R—CO—S—Y%, R—S—CO—NR")—

Y¢—, RNR»)—CO—S—Y*, R* -8 CO—O—Y*,
R*—O0—CO—S—Y*—, R*—S—CO—S—Y“, R"—S—
CS—Y%, R*—CS—S—Y*, R“-S—CS—NR)»—Y*
R“—NR”)—CS—S—Y~, R*—S—CS—O—Y*—,
R*—0O—CS—S—Y*“—, wherein R” being a hydrogen atom,
a C,-C, alkyl, a C,-C, alkenyl or a C,-C, alkynyl group; R®
being a hydrogen atom, a C,-C, alkyl, a C,-C, alkenyl or a
C,-C, alkynyl group; R° being a hydrogen atom, a C,-C
alkyl, a C,-Cy alkenyl or a C,-C, alkynyl group; R being a
hydrogen atom, a C,-Cg alkyl, a C,-C, alkenyl or a C,-Cg
alkynyl group and Y being a direct bond, a C,-C, alkylene, a
C,-C; alkenylene or a C,-C, alkynylene group, wherein each
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heteroalkyl group contains at least one carbon atom and one
or more hydrogen atoms may be replaced by fluorine or
chlorine atoms.

Specific examples of heteroalkyl groups are methoxy, tri-
fluoromethoxy, ethoxy, n-propyloxy, isopropyloxy, butoxy,
tert-butyloxy, methoxymethyl, ethoxymethyl,
—CH,CH,0OH, —CH,O0H, methoxyethyl, 1-methoxyethyl,
1-ethoxyethyl, 2-methoxyethyl or 2-ethoxyethyl, methy-
lamino, ethylamino, propylamino, isopropylamino, dimethy-
lamino, diethylamino, isopropylethylamino, methylamino
methyl, ethylamino methyl, diisopropylamino ethyl, meth-
ylthio, ethylthio, isopropylthio, enol ether, dimethylamino
methyl, dimethylamino ethyl, acetyl, propionyl, butyryloxy,
acetyloxy, methoxycarbonyl, ethoxycarbonyl, propionyloxy,
acetylamino or propionylamino, carboxymethyl, carboxy-
ethyl or carboxypropyl, N-ethyl-N-methylcarbamoyl or
N-methylcarbamoyl. Further examples of heteroalkyl groups
are nitrile, isonitrile, cyanate, thiocyanate, isocyanate,
isothiocyanate and alkylnitrile groups.

The expression cycloalkyl refers to a saturated or partially
unsaturated (for example, a cycloalkenyl group) cyclic group
that contains one or more rings (preferably 1 or 2), and con-
tains from 3 to 14 ring carbon atoms, preferably from 3 to
(especially 3, 4, 5, 6 or 7) ring carbon atoms. The expression
cycloalkyl refers furthermore to groups in which one or more
hydrogen atoms have been replaced by fluorine, chlorine,
bromine or iodine atoms or by OH, —O, SH, NH,, —NH, N,
or NO, groups, thus, for example, cyclic ketones such as, for
example, cyclohexanone, 2-cyclohexenone or cyclopen-
tanone. Further specific examples of cycloalkyl groups are a
cyclopropyl, cyclobutyl, cyclopentyl, spiro[4,5]decanyl, nor-
bornyl, cyclohexyl, cyclopentenyl, cyclohexadienyl, decali-
nyl, bicyclo[4.3.0]nonyl, tetraline, cyclopentylcyclohexyl,
fluorocyclohexyl or cyclohex-2-enyl group.

The expression heterocycloalkyl refers to a cycloalkyl
group as defined above in which one or more (preferably 1, 2
or 3) ring carbon atoms, each independently, have been
replaced by an oxygen, nitrogen, silicon, selenium, phospho-
rus or sulfur atom (preferably by an oxygen, sulfur or nitrogen
atom). A heterocycloalkyl group has preferably 1 or 2 ring(s)
containing from 3 to 10 (especially 3, 4, 5, 6 or 7) ring atoms
(preferably selected from C, O, N and S). The expression
heterocycloalkyl refers furthermore to groups in which one or
more hydrogen atoms have been replaced by fluorine, chlo-
rine, bromine or iodine atoms or by OH, —O, SH, —S, NH,,
—NH, N; or NO, groups. Examples are a piperidyl, prolinyl,
imidazolidinyl, piperazinyl, morpholinyl, urotropinyl, pyrro-
lidinyl, tetrahydrothiophenyl, tetrahydropyranyl, tetrahydro-
furyl or 2-pyrazolinyl group and also lactames, lactones,
cyclic imides and cyclic anhydrides.

The expression alkylcycloalkyl refers to a group that con-
tains both cycloalkyl and also alkyl, alkenyl or alkynyl groups
in accordance with the above definitions, for example alkyl-
cycloalkyl, cycloalkylalkyl, alkylcycloalkenyl, alkenylcy-
cloalkyl and alkynylcycloalkyl groups. An alkylcycloalkyl
group preferably contains a cycloalkyl group that contains
one or two ring systems having from 3 to 10 (especially 3, 4,
5, 6 or 7) ring carbon atoms, and one or two alkyl, alkenyl or
alkynyl groups having 1 or 2 to 6 carbon atoms.

The expression heteroalkylcycloalkyl refers to alkyley-
cloalkyl groups as defined above in which one or more, pref-
erably 1, 2 or 3, carbon atoms have been replaced indepen-
dently of each other by an oxygen, nitrogen, silicon,
selenium, phosphorus or sulfur atom (preferably by an oxy-
gen, sulfur or nitrogen atom). A heteroalkylcycloalkyl group
preferably contains 1 or 2 ring systems having from 3 to 10
(especially 3, 4, 5, 6 or 7) ring atoms, and one or two alkyl,
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alkenyl, alkynyl or heteroalkyl groups having from 1 or 2to 6
carbon atoms. Examples of such groups are alkylheterocy-
cloalkyl, alkylheterocycloalkenyl, alkenylheterocycloalkyl,
alkynylheterocycloalkyl, heteroalkylcycloalkyl, heteroalkyl-
heterocycloalkyl and heteroalkylheterocycloalkenyl, the
cyclic groups being saturated or mono-, di- or tri-unsaturated.

The expression aryl or Ar refers to an aromatic group that
contains one or more rings containing from 6 to 14 ring
carbon atoms, preferably from 6 to 10 (especially 6) ring
carbon atoms. The expression aryl (or Ar, respectively) refers
furthermore to groups in which one or more hydrogen atoms
have been replaced by fluorine, chlorine, bromine or iodine
atoms or by OH, SH, NH,, N; or NO, groups. Examples are
the phenyl, naphthyl, biphenyl, 2-fluorophenyl, anilinyl, 3-ni-
trophenyl or 4-hydroxyphenyl group.

The expression heteroaryl refers to an aromatic group that
contains one or more rings containing from 5 to 14 ring
atoms, preferably from 5 to 10 (especially 5 or 6) ring atoms,
and contains one or more (preferably 1, 2, 3 or 4) oxygen,
nitrogen, phosphorus or sulfur ring atoms (preferably O, S or
N). The expression heteroaryl refers furthermore to groups in
which one or more hydrogen atoms have been replaced by
fluorine, chlorine, bromine oriodine atoms or by OH, SH, N,
NH, or NO, groups. Examples are pyridyl (e.g. 4-pyridyl),
imidazolyl (e.g. 2-imidazolyl), phenylpyrrolyl (e.g. 3-phe-
nylpyrrolyl), thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2.,4-
triazolyl, oxadiazolyl, thiadiazolyl, indolyl, indazolyl, tetra-
zolyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl,
isoxazolyl, triazolyl, tetrazolyl, isoxazolyl, indazolyl,
indolyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, ben-
zthiazolyl, pyridazinyl, quinolinyl, isoquinolinyl, pyrrolyl,
purinyl, carbazolyl, acridinyl, pyrimidyl, 2,3'-bifuryl, pyra-
zolyl (e.g. 3-pyrazolyl) and isoquinolinyl groups.

The expression aralkyl refers to a group containing both
aryl and also alkyl, alkenyl, alkynyl and/or cycloalkyl groups
in accordance with the above definitions, such as, for
example, an arylalkyl, arylalkenyl, arylalkynyl, arylcy-
cloalkyl, arylcycloalkenyl, alkylarylcycloalkyl and alkylaryl-
cycloalkenyl group. Specific examples of aralkyls are tolu-
ene, xylene, mesitylene, styrene, benzyl chloride,
o-fluorotoluene, 1H-indene, tetraline, dihydronaphthalene,
indanone, phenylcyclopentyl, cumene, cyclohexylphenyl,
fluorene and indane. An aralkyl group preferably contains one
or two aromatic ring systems (1 or 2 rings) containing from 6
to 10 carbon atoms and one or two alkyl, alkenyl and/or
alkynyl groups containing from 1 or 2 to 6 carbon atoms
and/or a cycloalkyl group containing 5 or 6 ring carbon atoms.

The expression heteroaralkyl refers to an aralkyl group as
defined above in which one or more (preferably 1, 2, 3 or 4)
carbon atoms, each independently, have been replaced by an
oxygen, nitrogen, silicon, selenium, phosphorus, boron or
sulfur atom (preferably oxygen, sulfur or nitrogen), that is to
say to a group containing both aryl or heteroaryl, respectively,
and also alkyl, alkenyl, alkynyl and/or heteroalkyl and/or
cycloalkyl and/or heterocycloalkyl groups in accordance with
the above definitions. A heteroaralkyl group preferably con-
tains one or two aromatic ring systems (1 or 2 rings) contain-
ing from 5 or 6 to 10 ring carbon atoms and one or two alkyl,
alkenyl and/or alkynyl groups containing 1 or 2 to 6 carbon
atoms and/or a cycloalkyl group containing 5 or 6 ring carbon
atoms, wherein 1, 2, 3 or 4 of these carbon atoms have been
replaced by oxygen, sulfur or nitrogen atoms.

Examples are arylheteroalkyl, arylheterocycloalkyl, aryl-
heterocycloalkenyl, arylalkylheterocycloalkyl, arylalkenyl-
heterocycloalkyl, arylalkynylheterocycloalkyl, arylalkylhet-
erocycloalkenyl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, heteroarylheteroalkyl, heteroarylcy-
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cloalkyl,  heteroarylcycloalkenyl,  heteroarylheterocy-
cloalkyl, heteroarylheterocycloalkenyl, heteroarylalkylcy-

cloalkyl, heteroarylalkylheterocycloalkenyl,
heteroarylheteroalkylcycloalkyl, heteroarylheteroalkylcy-
cloalkenyl and  heteroarylheteroalkylheterocycloalkyl

groups, the cyclic groups being saturated or mono-, di- or
tri-unsaturated. Specific examples are a tetrahydroisoquino-
linyl, benzoyl, 2- or 3-ethylindolyl, 4-methylpyridino, 2-, 3-
or 4-methoxyphenyl, 4-ethoxyphenyl, 2-, 3- or 4-carbox-
yphenylalkyl group.

As already stated above, the expressions cycloalkyl, het-
erocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, aryl,
heteroaryl, aralkyl and heteroaralkyl also refer to groups in
which one or more hydrogen atoms of such groups have been
replaced independently of each other by fluorine, chlorine,
bromine or iodine atoms or by OH, —O, SH, —S, NH,,
—NH, N; or NO, groups.

The expression “optionally substituted” refers to a group in
which one, two, three or more hydrogen atoms have been
replaced independently of each other by fluorine, chlorine,
bromine or iodine atoms or by OH, —O, SH, —S, NH,,
—NH, N; or NO, groups. This expression refers furthermore
to a group that is substituted by one, two, three or more
(preferably unsubstituted) C,-C, alkyl, C,-Cg alkenyl, C,-Cg
alkynyl, C,-C, heteroalkyl, C;-C, , cycloalkyl, C,-C, hetero-
cycloalkyl, C,-C,, alkylcycloalkyl, C,-C,, heteroalkylcy-
cloalkyl C4-C,,, aryl, C,-Cq heteroaryl, C,-C,, aralkyl or
C,-C,, heteroaralkyl groups.

The expression “halogen” or “halogen atom” as preferably
used herein means fluorine, chlorine, bromine, or iodine.

As used herein a wording defining the limits of a range of
length such as, e.g., “from 1 to 5” means any integer from 1 to
5,1.e.1,2,3,4 and 5. In other words, any range defined by two
integers explicitly mentioned is meant to comprise and dis-
close any integer defining said limits and any integer com-
prised in said range.

Preferably, all alkyl, alkenyl, alkynyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, alkylcycloalkyl,
heteroalkylcycloalkyl, aralkyl and heteroaralkyl groups
described herein may optionally be substituted.

Preferred is a compound of formula (1), wherein X and Z
are each and independently of each other selected from CH,
CH,, and NR®, with the proviso that X and Z are only CH if
they form together with Y an epoxy group.

Preferred is a compound of formula (I), wherein R*' is
—COR?.

Further preferred is a compound of formula (I), wherein R?
is hydroxy, —O(CH,CH,0),H, or NR?R*, wherein
p is an integer from 1 to 25, especially an integer from 1 to 3.

Further preferred is a compound of formula (I), wherein m
is 1.

Further preferred is a compound of formula (I), wherein n
isOorl.

Also preferred is a compound of formula (I), wherein X, Y
and 7 together form an epoxy group, especially an epoxy
group where X represents a CH-group with R-configuration
and Z represents a CH-group with S-configuration.

Moreover preferred is a compound of formula (1), wherein
Vis —CH—CH—.

Furthermore preferred is a compound of formula (I),
wherein W is —CH—CH—.

Further preferred is a compound of formula (I), wherein
each of T, U and W is —CH,CH,—.

Especially preferred is a compound of formula (I), wherein
Y is —C(O)— or —C(O)—C(O)—.
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Further, especially preferred, is a compound of formula (1),
wherein X is NR® with R® being a hydrogen atom, a methyl,
ethyl, propyl or iso-propyl group.

Further, especially preferred, is a compound of formula (1),
wherein Z is NR®> with R being a hydrogen atom, a methyl,
ethyl, propyl or iso-propyl group.

Especially preferably, the compounds of formula (I) are
selected from the following compounds:
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-continued

OH
— NH/\/\

It is especially preferred to combine the preferred embodi-
ments of the individual generic groups of formula (I) in any
possible manner.

The compounds of formula (I) according to the present
invention have improved properties, especially, low toxicity,
low drug interaction, improved bioavailability especially
with regard to oral administration, improved metabolic sta-
bility, and improved solubility.

The compounds provided herein exhibit high cardiopro-
tective activity in a double transgenic rat model of Ang II-
induced hypertension and end-organ damage.

The therapeutic use of compounds of formula (I), their
pharmacologically acceptable salts, solvates or hydrates and
also formulations and pharmaceutical compositions lie
within the scope of the present invention. The present inven-
tion also relates to the use of those compounds of formula (1)
as active ingredients in the preparation of medicaments and
also to their use for the treatment of cardiac damage.

The pharmaceutical compositions according to the present
invention comprise at least one compound of formula (I) and,
optionally, one or more carrier substances, e.g. cyclodextrins
such as hydroxypropyl f-cyclodextrin, micelles or lipo-
somes, excipients and/or adjuvants. Pharmaceutical compo-
sitions may additionally comprise, for example, one or more
of'water, buffers such as, e.g., neutral buffered saline or phos-
phate buffered saline, ethanol, mineral oil, vegetable oil, dim-
ethylsulfoxide, carbohydrates such as e.g., glucose, mannose,
sucrose or dextrans, mannitol, proteins, adjuvants, polypep-
tides or amino acids such as glycine, antioxidants, chelating
agents such as EDTA or glutathione and/or preservatives.
Furthermore, one or more other active ingredients may, but
need not, be included in the pharmaceutical compositions
provided herein. For instance, the compounds of the invention
may advantageously be employed in combination with an
antibiotic, anti-fungal, or anti-viral agent, an anti-histamine, a
non-steroidal anti-inflammatory drug, a disease modifying
anti-theumatic drug, a cytostatic drug, a drug with smooth
muscle activity modulatory activity or mixtures of the afore-
mentioned.

Pharmaceutical compositions may be formulated for any
appropriate route of administration, including, for example,
topical such as, e.g., transdermal or ocular, oral, buccal, nasal,
vaginal, rectal or parenteral administration. The term
parenteral as used herein includes subcutaneous, intradermal,
intravascular such as, e.g., intravenous, intramuscular, spinal,
intracranial, intrathecal, intraocular, periocular, intraorbital,
intrasynovial and intraperitoneal injection, as well as any
similar injection or infusion technique. In certain embodi-
ments, compositions in a form suitable for oral use are pre-
ferred. Such forms include, for example, tablets, troches,
lozenges, aqueous or oily suspensions, dispersible powders
or granules, emulsion, hard or soft capsules, or syrups or
elixirs. Within yet other embodiments, compositions pro-
vided herein may be formulated as a lyophilizate. Formula-
tion for topical administration may be preferred for certain
conditions such as, e.g., in the treatment of skin conditions
such as burns or itch.
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Compositions intended for oral use may further comprise
one or more components such as sweetening agents, flavoring
agents, coloring agents and/or preserving agents in order to
provide appealing and palatable preparations. Tablets contain
the active ingredient in admixture with physiologically
acceptable excipients that are suitable for the manufacture of
tablets. Such excipients include, for example, inert diluents
such as, e.g., calcium carbonate, sodium carbonate, lactose,
calcium phosphate or sodium phosphate, granulating and dis-
integrating agents such as, e.g., corn starch or alginic acid,
binding agents such as, e.g., starch, gelatin or acacia, and
lubricating agents such as, e.g., magnesium stearate, stearic
acid or talc. The tablets may be uncoated or they may be
coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time
delay material such as glyceryl monosterate or glyceryl may
be employed.

Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with
aninert solid diluent such as, e.g., calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the
active ingredient is mixed with water or an oil medium such
as, e.g., peanut oil, liquid paraffin or olive oil.

Aqueous suspensions contain the active ingredient(s) in
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients include suspending
agents suh as, e.g., sodium carboxymethylcellulose, methyl-
cellulose, hydropropylmethylcellulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia; and
dispersing or wetting agents such as, e.g., naturally-occurring
phosphatides such as lecithin, condensation products of an
alkylene oxide with fatty acids such as polyoxyethylene stear-
ate, condensation products of ethylene oxide with long chain
aliphatic alcohols such as heptadecaethyleneoxycetanol, con-
densation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethyl-
ene sorbitol monooleate, or condensation products of ethyl-
ene oxide with partial esters derived from fatty acids and
hexitol anhydrides such as polyethylene sorbitan
monooleate. Aqueous suspensions may also comprise one or
more preservatives, for example ethyl, or n-propyl p-hy-
droxybenzoate, one or more coloring agents, one or more
flavoring agents, and one or more sweetening agents, such as
sucrose or saccharin.

Oily suspensions may be formulated by suspending the
active ingredients in a vegetable oil such as, e.g., arachis oil,
olive oil, sesame oil or coconut oil, or in a mineral oil such as
liquid paraffin. The oily suspensions may contain a thicken-
ing agent such as beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set forth above, and/or fla-
voring agents may be added to provide palatable oral prepa-
rations. Such suspensions may be preserved by the addition of
an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of'an aqueous suspension by the addition of water provide the
active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suit-
able dispersing or wetting agents and suspending agents are
exemplified by those already mentioned above. Additional
excipients, such as sweetening, flavoring and coloring agents,
may also be present.

Pharmaceutical compositions may also be in the form of
oil-in-water emulsions. The oily phase may be a vegetable oil
such as, e.g., olive oil or arachis oil, a mineral oil such as, e.g.,
liquid paraffin, or a mixture thereof. Suitable emulsifying
agents include naturally-occurring gums such as, e.g., gum
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acacia or gum tragacanth, naturally-occurring phosphatides
such as, e.g., soy bean lecithin, and esters or partial esters
derived from fatty acids and hexitol, anhydrides such as, e.g.,
sorbitan monoleate, and condensation products of partial
esters derived from fatty acids and hexitol with ethylene oxide
such as, e.g., polyoxyethylene sorbitan monoleate. An emul-
sion may also comprise one or more sweetening and/or fla-
voring agents.

Syrups and elixirs may be formulated with sweetening
agents, such as glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also comprise one or more
demulcents, preservatives, flavoring agents and/or coloring
agents.

Compounds may be formulated for local or topical admin-
istration, such as for topical application to the skin or mucous
membranes, such as in the eye. Formulations for topical
administration typically comprise a topical vehicle combined
with active agent(s), with or without additional optional com-
ponents. Suitable topical vehicles and additional components
are well known in the art, and it will be apparent that the
choice of a vehicle will depend on the particular physical
form and mode of delivery. Topical vehicles include water;
organic solvents such as alcohols such as, e.g., ethanol or
isopropyl alcohol or glycerin; glycols such as, e.g., butylene,
isoprene or propylene glycol; aliphatic alcohols such as, e.g.,
lanolin; mixtures of water and organic solvents and mixtures
of organic solvents such as alcohol and glycerin; lipid-based
materials such as fatty acids, acylglycerols including oils,
such as, e.g., mineral oil, and fats of natural or synthetic
origin, phosphoglycerides, sphingolipids and waxes; protein-
based materials such as collagen and gelatin; silicone-based
materials, both non-volatile and volatile; and hydrocarbon-
based materials such as microsponges and polymer matrices.
A composition may further include one or more components
adapted to improve the stability or effectiveness of the applied
formulation, such as stabilizing agents, suspending agents,
emulsifying agents, viscosity adjusters, gelling agents, pre-
servatives, antioxidants, skin penetration enhancers, moistur-
izers and sustained release materials. Examples of such com-
ponents are described in Martindale—The Extra
Pharmacopoeia (Pharmaceutical Press, London 1993) and
Martin (ed.), Remington’s Pharmaceutical Sciences. Formu-
lations may comprise microcapsules, such as hydroxymeth-
ylcellulose or gelatin-microcapsules, liposomes, albumin
microspheres, microemulsions, nanoparticles or nanocap-
sules.

A topical formulation may be prepared in a variety of
physical forms including, for example, solids, pastes, creams,
foams, lotions, gels, powders, aqueous liquids, emulsions,
sprays and skin patches. The physical appearance and viscos-
ity of such forms can be governed by the presence and amount
of emulsifier(s) and viscosity adjuster(s) present in the for-
mulation. Solids are generally firm and non-pourable and
commonly are formulated as bars or sticks, or in particulate
form; solids can be opaque or transparent, and optionally can
contain solvents, emulsifiers, moisturizers, emollients, fra-
grances, dyes/colorants, preservatives and other active ingre-
dients that increase or enhance the efficacy of the final prod-
uct. Creams and lotions are often similar to one another,
differing mainly in their viscosity; both lotions and creams
may be opaque, translucent or clear and often contain emul-
sifiers, solvents, and viscosity adjusting agents, as well as
moisturizers, emollients, fragrances, dyes/colorants, preser-
vatives and other active ingredients that increase or enhance
the efficacy of the final product. Gels can be prepared with a
range of viscosities, from thick or high viscosity to thin or low
viscosity. These formulations, like those of lotions and
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creams, may also contain solvents, emulsifiers, moisturizers,
emollients, fragrances, dyes/colorants, preservatives and
other active ingredients that increase or enhance the efficacy
of'the final product. Liquids are thinner than creams, lotions,
or gels and often do not contain emulsifiers. Liquid topical
products often contain solvents, emulsifiers, moisturizers,
emollients, fragrances, dyes/colorants, preservatives and
other active ingredients that increase or enhance the efficacy
of the final product.

Suitable emulsifiers for use in topical formulations
include, but are not limited to, ionic emulsifiers, cetearyl
alcohol, non-ionic emulsifiers like polyoxyethylene oleyl
ether, PEG-40 stearate, ceteareth-12, ceteareth-20, ceteareth-
30, ceteareth alcohol, PEG-100 stearate and glyceryl stearate.
Suitable viscosity adjusting agents include, but are not lim-
ited to, protective colloids or non-ionic gums such as
hydroxyethylcellulose, xanthan gum, magnesium aluminum
silicate, silica, microcrystalline wax, beeswax, paraffin, and
cetyl palmitate. A gel composition may be formed by the
addition of a gelling agent such as chitosan, methyl cellulose,
ethyl cellulose, polyvinyl alcohol, polyquaterniums,
hydroxyethylcellulose, hydroxypropylcellulose, hydrox-
ypropylmethylcellulose, carbomer or ammoniated glycyr-
rhizinate. Suitable surfactants include, but are not limited to,
nonionic, amphoteric, ionic and anionic surfactants. For
example, one or more of dimethicone copolyol, polysorbate
20, polysorbate 40, polysorbate 60, polysorbate 80, laura-
mide DEA, cocamide DEA, and cocamide MEA, oleyl
betaine, cocamidopropyl phosphatidyl PG-dimonium chlo-
ride, and ammonium laureth sulfate may be used within topi-
cal formulations.

Suitable preservatives include, but are not limited to, anti-
microbials such as methylparaben, propylparaben, sorbic
acid, benzoic acid, and formaldehyde, as well as physical
stabilizers and antioxidants such as vitamin E, sodium ascor-
bate/ascorbic acid and propyl gallate. Suitable moisturizers
include, but are not limited to, lactic acid and other hydroxy
acids and their salts, glycerin, propylene glycol, and butylene
glycol. Suitable emollients include lanolin alcohol, lanolin,
lanolin derivatives, cholesterol, petrolatum, isostearyl neo-
pentanoate and mineral oils. Suitable fragrances and colors
include, but are not limited to, FD&C Red No. 40 and FD&C
Yellow No. 5. Other suitable additional ingredients that may
be included in a topical formulation include, but are not
limited to, abrasives, absorbents, anti-caking agents, anti-
foaming agents, anti-static agents, astringents such as, e.g.,
witch hazel, alcohol and herbal extracts such as chamomile
extract, binders/excipients, buffering agents, chelating
agents, film forming agents, conditioning agents, propellants,
opacifying agents, pH adjusters and protectants.

An example of a suitable topical vehicle for formulation of
a gel is: hydroxypropylceliulose (2.1%); 70/30 isopropyl
alcohol/water (90.9%); propylene glycol (5.1%); and
Polysorbate 80 (1.9%). An example of a suitable topical
vehicle for formulation as a foam is: cetyl alcohol (1.1%);
stearyl alcohol (0.5%); Quaternium 52 (1.0%); propylene
glycol (2.0%); Ethanol 95 PGF3 (61.05%); deionized water
(30.05%); P75 hydrocarbon propellant (4.30%). All percents
are by weight.

Typical modes of delivery for topical compositions include
application using the fingers; application using a physical
applicator such as a cloth, tissue, swab, stick or brush; spray-
ing including mist, aerosol or foam spraying; dropper appli-
cation; sprinkling; soaking; and rinsing. Controlled release
vehicles can also be used, and compositions may be formu-
lated for transdermal administration as a transdermal patch.
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A pharmaceutical composition may be formulated as
inhaled formulations, including sprays, mists, or aerosols.
Such formulations are particularly useful for the treatment of
asthma or other respiratory conditions. For inhalation formu-
lations, the compounds provided herein may be delivered via
any inhalation methods known to those skilled in the art. Such
inhalation methods and devices include, but are not limited to,
metered dose inhalers with propellants such as CFC or HFA
or propellants that are physiologically and environmentally
acceptable. Other suitable devices are breath operated inhal-
ers, multidose dry powder inhalers and aerosol nebulizers.
Aerosol formulations for use in the subject method typically
include propellants, surfactants and co-solvents and may be
filled into conventional aerosol containers that are closed by a
suitable metering valve.

Inhalant compositions may comprise liquid or powdered
compositions containing the active ingredient that are suit-
able for nebulization and intrabronchial use, or aerosol com-
positions administered via an aerosol unit dispensing metered
doses. Suitable liquid compositions comprise the active
ingredient in an aqueous, pharmaceutically acceptable inhal-
ant solvent, e.g., isotonic saline or bacteriostatic water. The
solutions are administered by means of a pump or squeeze-
actuated nebulized spray dispenser, or by any other conven-
tional means for causing or enabling the requisite dosage
amount of the liquid composition to be inhaled into the
patient’s lungs. Suitable formulations, wherein the carrieris a
liquid, for administration, as for example, a nasal spray or as
nasal drops, include aqueous or oily solutions of the active
ingredient.

Formulations or compositions suitable for nasal adminis-
tration, wherein the carrier is a solid, include a coarse powder
having a particle size, for example, in the range of 20 to 500
microns which is administered in the manner in which snuffis
administered, i.e., by rapid inhalation through the nasal pas-
sage from a container of the powder held close up to the nose.
Suitable powder compositions include, by way of illustration,
powdered preparations of the active ingredient thoroughly
intermixed with lactose or other inert powders acceptable for
intrabronchial administration. The powder compositions can
be administered via an aerosol dispenser or encased in a
breakable capsule which may be inserted by the patient into a
device that punctures the capsule and blows the powder out in
a steady stream suitable for inhalation.

Pharmaceutical compositions may also be prepared in the
form of suppositories such as e.g., for rectal administration.
Such compositions can be prepared by mixing the drug with
a suitable non-irritating excipient that is solid at ordinary
temperatures but liquid at the rectal temperature and will
therefore melt in the rectum to release the drug. Suitable
excipients include, for example, cocoa butter and polyethyl-
ene glycols.

Pharmaceutical compositions may be formulated as sus-
tained release formulations such as, i.e., a formulation such as
a capsule that creates a slow release of modulator following
administration. Such formulations may generally be prepared
using well known technology and administered by, for
example, oral, rectal or subcutaneous implantation, or by
implantation at the desired target site. Carriers for use within
such formulations are biocompatible, and may also be biode-
gradable; preferably the formulation provides a relatively
constant level of modulator release. The amount of modulator
contained within a sustained release formulation depends
upon, for example, the site of implantation, the rate and
expected duration of release and the nature of the condition to
be treated or prevented.
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For the treatment of cardiac damage, especially cardiac
arrhythmias, the dose of the biologically active compound
according to the invention may vary within wide limits and
may be adjusted to individual requirements. Active com-
pounds according to the present invention are generally
administered in a therapeutically effective amount. Preferred
doses range from about 0.1 mg to about 140 mg per kilogram
of'body weight per day, about 0.5 mg to about 7 g per patient
per day. The daily dose may be administered as a single dose
or in a plurality of doses. The amount of active ingredient that
may be combined with the carrier materials to produce a
single dosage form will vary depending upon the host treated
and the particular mode of administration. Dosage unit forms
will generally contain between from about 1 mg to about 500
mg of an active ingredient.

It will be understood, however, that the specific dose level
for any particular patient will depend upon a variety of factors
including the activity of the specific compound employed, the
age, body weight, general health, sex, diet, time of adminis-
tration, route of administration, and rate of excretion, drug
combination, i.e. other drugs being used to treat the patient,
and the severity of the particular disease undergoing therapy.

Preferred compounds of the invention will have certain
pharmacological properties. Such properties include, but are
not limited to oral bioavailability, such that the preferred oral
dosage forms discussed above can provide therapeutically
effective levels of the compound in vivo.

n-3 PUFA derivatives provided herein are preferably
administered to a patient such as, e.g., a human, orally or
parenterally, and are present within at least one body fluid or
tissue of the patient. Accordingly, the present invention fur-
ther provides methods for treating patients suffering from
cardiac damage. As used herein, the term “treatment” encom-
passes both disease-modifying treatment and symptomatic
treatment, either of which may be prophylactic, i.e., before
the onset of symptoms, in order to prevent, delay or reduce the
severity of symptoms, or therapeutic, i.e., after the onset of
symptoms, in order to reduce the severity and/or duration of
symptoms. Patients may include but are not limited to pri-
mates, especially humans, domesticated companion animals
such as dogs, cats, horses, and livestock such as cattle, pigs,
sheep, with dosages as described herein.

Compounds of formula (I) of the present invention may be
used for the treatment and/or prevention of conditions and
diseases associated with inflammation, proliferation, hyper-
tension, coagulation, immune function, heart failure and car-
diac arrhythmias.

Examples of conditions and diseases associated with pro-
liferation include tumors or neoplasms, where proliferation
of cells is uncontrolled and progressive. Some such uncon-
trolled proliferating cells are benign, but others are termed
“malignant” and may lead to death of the organism. Malig-
nant neoplasms or “cancers” are distinguished from benign
growths in that, in addition to exhibiting aggressive cellular
proliferation, they may invade surrounding tissues and metas-
tasize. Moreover, malignant neoplasms are characterized in
that they show a greater loss of differentiation (greater“dedi-
fferentiation™), and greater loss of their organization relative
to one another and their surrounding tissues. This property is
also called “anaplasia”. Neoplasms treatable by the present
invention also include solid phase tumors/malignancies, i.e.,
carcinomas, locally advanced tumors and human soft tissue
sarcomas. Carcinomas include those malignant neoplasms
derived from epithelial cells that infiltrate (invade) the sur-
rounding tissues and give rise to metastastic cancers, includ-
ing lymphatic metastases. Adenocarcinomas are carcinomas
derived from glandular tissue, or which form recognizable
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glandular structures. Another broad category or cancers
includes sarcomas, which are tumors whose cells are embed-
ded in a fibrillar or homogeneous substance like embryonic
connective tissue. The invention also enables treatment of
cancers of the myeloid or lymphoid systems, including leu-
kemias, lymphomas and other cancers that typically do not
present as a tumor mass, but are distributed in the vascular or
lymphoreticular systems. The type of cancer or tumor cells
that may be amenable to treatment according to the invention
include, for example, breast, colon, lung, and prostate can-
cers, gastrointestinal cancers including esophageal cancer,
stomach cancer, colorectal cancer, polyps associated with
colorectal neoplasms, pancreatic cancer and gallbladder can-
cer, cancer of the adrenal cortex, ACTH-producing tumor,
bladder cancer, brain cancer including intrinsic brain tumors,
neuroblastomas, astrocytic brain tumors, gliomas, and meta-
static tumor cell invasion of the central nervous system,
Ewing’s sarcoma, head and neck cancer including mouth
cancer and larynx cancer, kidney cancer including renal cell
carcinoma, liver cancer, lung cancer including small and non-
small cell lung cancers, malignant peritoneal effusion, malig-
nant pleural effusion, skin cancers including malignant mela-
noma, tumor progression of human skin keratinocytes,
squamous cell carcinoma, basal cell carcinoma, and heman-
giopericytoma, mesothelioma, Kaposi’s sarcoma, bone can-
cer including osteomas and sarcomas such as fibrosarcoma
and osteosarcoma, cancers of the female reproductive tract
including uterine cancer, endometrial cancer, ovarian cancer,
ovarian (germ cell) cancer and solid tumors in the ovarian
follicle, vaginal cancer, cancer of the vulva, and cervical
cancer; breast cancer (small cell and ductal), penile cancer,
retinoblastoma, testicular cancer, thyroid cancer, trophoblas-
tic neoplasms, and Wilms’ tumor.

Examples of conditions and diseases associated with
inflammation and immune function include inflammatory
disorders such as acute-phase reaction, local and systemic
inflammation and inflammation caused by other diseases
whatever type, etiology or pathogenesis and caused by
inflammatory diseases exemplified below, and immunologi-
cal disorders such as hyperesthesia, autoimmune disorders,
graft rejection in transplantation, transplant toxicity, granu-
lomatous inflammation/tissue remodelling, myasthenia
gravis, immunosuppression, immune-complex diseases,
over- and underproduction of antibodies, and vasculitis. In
particular, examples of such conditions and diseases include
inflammatory bowel disease including Crohn’s disease and
ulcerative colitis (Stadnicki et al., Am. J. Physiol. Gastrointest
Liver Physiol. 2005, 289(2), G361-6; Devani et al., Am. J.
Gastroenerol 2002, 97(8), 2026-32; Devani et al., Dig. Liv.
Disease 2005, 37(9), 665-73), irritable bowel syndrome,
enterocolitis, liver diseases, pancreatitis, nephritis, cystitis
(interstitial cystitis), uveitis, retinitis, glaucoma, otitis media,
peridontitis, inflammatory skin disorders such as psoriasis,
eczema, atopic diseases, dermatitis, itching, juvenile or adult
onset rheumatoid arthritis and gouty arthritis (Cassim et al.,
Pharmacol. Ther. 2002, 94, 1-34; Sharma et al., Exp. Toxic
Pathol. 1994, 46, 421-433; Brechter et al., Arthr. Rheum.
2007, 56(3), 910-923), ankylosing spondylitis, adult onset or
pediatric (systemic onset juvenile idiopathic arthritis) Still’s
disease, psoriatic arthritis, osteoarthritis and edema associ-
ated with burns, sprains or fracture, cerebral edema, closed
head injury, angioedema, vasculitis, diabetic vasculopathy,
type I diabetes, diabetic nephropathy, diabetic neuropathy,
diabetic retinopathy, post capillary resistance or diabetic syn-
dromes associated with insulits (e.g. hyperglycemia, diuresis,
proteinuria and increased nitrite and kallikrein urinary excre-
tion), gall bladder diseases, smooth muscle relaxants for the
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treatment of spasms of the gastrointestinal tract or uterus,
multiple sclerosis, epilepsy, amyotrophic lateral sclerosis,
Alzheimer’s disease, stroke, Parkinson’s disease, systemic
inflammatory response syndrome (SIRS), ischemia-reperfu-
sion injury and atherosclerosis (Raidoo et al., Immunophar-
macol 1997, 36(2-3), 153-60; McLean et al., Cardiovasc.
Res. 2000, 48, 194-210), septic shock, antihypovolemic and/
or anti-hypotensive agents, headache including cluster head-
ache, migraine including prophylactic and acute use, closed
head trauma, cancer, sepsis, gingivitis, osteoporosis, benign
prostatic hyperplasia, hyperactive bladder, fibrotic diseases
such as pulmonary fibrosis, renal fibrosis, liver fibrosis, pro-
gressive sclerosis and recurrent stricture formation in Crohn’s
disease (Goldstein et al., J. Biol. Chem. 1984,259(14), 9263-
8; Ricupero et al., J. Biol. Chem. 2000, 275(17), 12475-80;
Romero et al., J. Biol. Chem. 2005, 15, 14378-14384), disor-
ders of the respiratory pathways in asthma, atopic or non-
atopic asthma, occupational asthma, exercise-induced bron-
choconstriction, bronchitis, pneumoconiosis including
aluminosis, anhracosis, asbestosis, chalicosis, ptilosis, sid-
erosis, silicosis, tabaccosis and byssinosis, chronic obstruc-
tive pulmonary disease including emphysema, adult respira-
tory distress syndrome, pneumonia, allergic rhinitis,
vasomotor rhinitis and pleurisy, auto-inflammatory diseases
such as familial Mediterranean fever (FMF), tumor-necrosis
factor receptor associated periodic syndrome (TRAPS), neo-
natal onset multisystem inflammatory disease (NOMID),
familial cold autoinflammatory syndrome (FCAS) including
familial cold urticaria (FCU), pyogenic arthritis pyoderma
gangrenosum acne (PAPA) syndrome and Muckle-Wells dis-
ease

Examples of conditions and diseases associated with heart
failure and cardiac arrhythmias include diseases associated
with cardiac damage including sudden cardiac death after
myocardial infarction, cardiac arrhythmias including ven-
tricular tachycardia, malignant ventricular tachycardia and
atrial fibrillation, heart failure based on coronary artery dis-
ease, dilatative cardiomyopathy, myocarditis, hypertensive
heart disease, diabetes and inflammatory cardiomyopathy.

It is also within the present invention that the compounds
according to the invention are used as or for the manufacture
of'a diagnostic agent, whereby such diagnostic agent is for the
diagnosis of the diseases and conditions which can be
addressed by the compounds of the present invention for
therapeutic purposes as disclosed herein.

For various applications, the compounds of the invention
can be labelled by isotopes, fluorescence or luminescence
markers, antibodies or antibody fragments, any other affinity
label like nanobodies, aptamers, peptides etc., enzymes or
enzyme substrates. These labelled compounds of this inven-
tion are useful for mapping the location of BK receptors in
Vivo, ex vivo, in vitro and in situ such as, e.g. in tissue sections
via autoradiography and as radiotracers for positron emission
tomography (PET) imaging, single photon emission comput-
erized tomography (SPECT) and the like to characterize
those receptors in living subjects or other materials. The
labelled compounds according to the present invention may
be used in therapy, diagnosis and other applications such as
research tools in vivo and in vitro, in particular the applica-
tions disclosed herein.

The following examples serve to more fully describe the
manner of using the above-described invention, as well as to
set forth the best modes contemplated for carrying out various
aspects of the invention. It is understood that these examples
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in no way serve to limit the true scope of this invention, but
rather are presented for illustrative purposes.

EXAMPLE 1

Synthesis of (57,147)-16-(3-Ethyloxirane-2-yl)hexa-
deca-5,14-dienoic acid (1)

/\/\/OH &» /\/\/ Br
HO HO

1,4-Butanediol (32 g, 35.55 mmol; Alfa Aesar) and aq.
48% HBr (45 mL) were heated under reflux in benzene (380
ml) with water removal using a Dean-Stark apparatus. After
12 h, all volatiles were removed in vacuo and the residue was
purified by SiO, column chromatography using a gradient of
10-30% EtOAc/hexanes as eluent to give 4-bromobutan-1-ol
(29.20 g, 68%). TLC: 30% EtOAc/hexanes, R~0.30; 'H
NMR (CDCl;, 300 MHz) 8 3.70 (t, J=6.1 Hz, 2H), 3.45 (t,
J=6.1 Hz, 2H), 1.92-2.04 (m, 2H), 1.68-1.78 (m, 2H).

-9 .

H
/\/\/ Br
THPO

/\/\/ Br
HO

3,4-Dihydro-2H-pyran (8.0 g, 95.36 mmol) was added to a
0° C. solution of 4-bromobutan-1-ol (12.0 g, 79.47 mmol) in
dichloromethane (150 mL) followed by p-toulenesulphonic
acid (20 mg). After 1 h, the reaction was carefully quenched
with sat. aq. NaHCO, solution (5 mL), washed with water
(100 mL), brine (70 mL), and concentrated in vacuo. The
residue was purified by SiO, column chromatography using
2% EtOAc/hexanes as eluent to give 2-(4-bromobutoxy )tet-
rahydro-2H-pyran (16.57 g, 88%) as colorless oil. TL.C: 10%
EtOAc/hexanes, R ~0.50; 'HNMR (CDCl,, 300 MHz) 8 4.58
(t, I=2.5 Hz, 1H), 3.90-3.72 (m, 2H), 3.38-3.50 (m, 4H),
1.92-2.04 (m, 2H), 1.65-1.80 (m, 4H), 1.60-1.50 (m, 4H). Lit.
ref: G. L. Kad; I. Kaur; M. Bhandari; J. Singh; J. Kaur
Organic Process Research & Development 2003: 7, 339.

Lithium acetylide
ethylenediamine
complex

68%

Br\/\/\/\/ Br

undeca-1,10-diyne

A solution of 1,7-dibromoheptane (13.5 g, 52.32 mmol) in
anhydrous dimethylsulfoxide (25 mL.) was added dropwise to
a stirring, 0° C. solution of lithium acetylide ethylenediamine
complex (12.04 g, 130.8 mmol) in anhydrous dimethylsul-
foxide (125 mL) under an argon atmosphere. After stirring at
5-8° C. for 2 h, the reaction mixture was diluted with ether
(100 mL) and washed with water (2x40 mL). The aqueous
washes were extracted with ether (2x50 mL). The combined
ethereal fractions were dried over anhydrous Na,SO, and
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concentrated under reduced pressure. The residue was puri-
fied by SiO, column chromatography using hexanes as eluent
to give undec-1,10-diyne as a colorless oil (5.3 g, 68%) (lit.
ref: Hellbach, Bjorn; Gleiter, Rolf; Rominger, Frank Synthe-
sis 2003,2535-2541). TLC: SiO,, hexane (100%), R ~0.8; 'H
NMR (300 MHz, CDCl,)  2.14-2.18 (m, 4H), 1.92 (1, J=2.55
Hz, 2H), 1.50-1.53 (m, 4H), 1.40-1.42 (m, 4H), 1.23-1.25 (m,
2H).

n-Bulli (4.86 mL of 2.5 M in hexanes, 12.16 mmol) was
added dropwise to a —=78° C. solution of undec-1,10-diyne
(2.0 g, 13.51 mmol) in dry tetrahydrofuran/HMPA (105 mL,
6:1) under an argon atmosphere. After 30 min, the reaction
mixture was warmed to —10° C. over 2 h and maintained at
this temperature for 20 min, then re-cooled to =75° C. To this
was added a solution of 2-(4-bromobutoxy)-tetrahydropyran
(2.4 g, 10.14 mmol) in dry THF (15 mL). The resulting
mixture was warmed to room temperature over 3 h, main-
tained at this temperature for 12 h, then quenched with sat. aq.
NH,C1 (25 mL). After 20 min, the mixture was extracted with
ether (2x125 mL). The combined ethereal extracts were
washed with water (2x100 mL), brine (100 mL), dried over
Na,SO, and concentrated under reduced pressure. The resi-
due was purified by SiO, column chromatography using 5%
EtOAc/hexanes as eluent to give 2-(pentadeca-5,14-diyny-
loxy)tetrahydropyran (1.97 g, 64%) as a colorless oil. TLC:
10% EtOAc/hexanes, R ~0.6; 'HNMR (400 MHz, CDCL,) &
4.58 (t,]=2.5Hz, 1H), 3.82-3.89 (m, 1H), 3.71-3.78 (m, 1H),
3.43-3.53 (m, 1H), 3.36-3.47 (m, 1H), 2.01-2.20 (m, 6H),
1.93 (t, J=2.5 Hz, 1H), 1.27-1.81 (m, 20H). Lit. ref: F. Slow-
inski; C. Aubert; M. Malacria Eur. J. Org. Chem. 2001: 3491.

The reaction also produced approximately 10% of the
dialkylated adduct. TLC: 10% BtOAc/hexanes, R ~0.3; 'H
NMR (300 MHz, CDCl,) 6 4.58 (t, J=2.5 Hz, 2H), 3.82-3.89
(m, 2H),3.71-3.78 (m, 2H), 3.43-3.53 (m, 2H), 3.36-3.47 (m,
2H), 2.01-2.20 (m, 8H), 1.27-1.81 (m, 30H).

<X\/\/\OTHP

(1) PTSA

—_—
(2) Jones oxid
e}

OH

A solution ofthe 2-(pentadeca-5,14-divnyloxy tetrahydro-
pyran (4.05 g, 13.27 mmol) and p-toluenesulphonic acid (42
mg) in MeOH (100 mL.) was stirred at room temperature for
4 h. All volatiles were then removed in vacuo and the residue
was purified by SiO, column chromatography using 15%
EtOAc/hexanes as eluent to give pentadeca-5,14-diyn-1-ol
(2.77 g, 95%) as a colorless oil. TLC: 30% EtOAc/hexanes,
R~0.40; '"H NMR (300 MHz, CDCl,) & 3.85 (t, 2H, J=7.0
Hz), 2.03-2.30 (m, 6H), 1.93 (t, 1H, J=2.6 Hz), 1.26-1.83 (m,
14H).
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Jones reagent (10 mL of a 10 N solution in water) in
acetone (25 mL) was added to a stirring, —40° C. solution of
above alcohol (1.9 g, 4.55 mmol) in acetone (75 mL). After 1
h, the reaction mixture was warmed to —10° C. and main-
tained for another 2 h, then quenched with excess (5 equiv) of
isopropanol. The green chromium salts were removed by
filtration and the filter cake was washed with acetone. The
combined filtrates were concentrated in vacuo and the
obtained residue was dissolved in EtOAc (100 mL), washed
with water (50 mL) and again concentrated in vacuo. The
residue was purified by SiO, column chromatography using
15% EtOAc/hexanes as eluent to give pentadeca-5,14-
diynoic acid (2.42 g, 82%) as a white solid. TLC: 40%
EtOAc/hexanes, R ~0.40; 'HNMR (400 MHz, CDCl,) 8 2.48
(t, 2H, J=7.3 Hz), 2.10-2.17 (m, 6H), 1.93 (1, 1H, ]=2.6 Hz),
1.75-1.86 (m, 2H), 1.25-1.55 (m, 10H).

—~

tert-Butyl hydroperoxide (15.72 g, 33 mLL ofa 5.2 M solu-
tion in decane) was added to a stirring solution of pent-2(Z)-
en-1-0l (5.00 g, 58.14 mmol) and vanadium(III) acetylaceto-
nate (150 mg) in dry benzene (200 mL) under an argon
atmosphere. The initial pale green solution turned pink. After
3 h, the reaction was quenched with dimethylsulfide (52 g,
87.33 mmol, 5 equiv). After an additional 1 h, the reaction was
diluted with an equal volume of Et,O (250 mL.), washed with
water (2x250 mL), brine (200 mL), dried over Na,SO,, and
concentrated in vacuo. The residue was purified by SiO,
column chromatography using 30% EtOAc/hexanes as eluent
to give (Z)-(3-ethyloxiranyl)-methanol (4.86 g, 82%) as a
pale yellow oil. TLC: 40% EtOAc/hexanes, R ~0.3; 'HNMR
(400 MHz, CDCl,) 8 3.86 (dd, 1H, J=12.1 Hz, 4.0 Hz), 3.67
(dd, 1H, J=6.8 Hz, 4.0 Hz), 3.17 (ddd, 1H, J=4.1 Hz, 4.3 Hz,
6.8 Hz), 3.01 (ddd, 1H, J=4.3 Hz, 6.4 Hz, 6.4 Hz) 1.46-1.71
(m, 2H), 1.04 (t, 3H, J=7.6 Hz). Lit. ref: C. Arnold; W. Stefan;
Y. A.Yse; S. H. Dieter Liebigs Annalen der Chemie 1987: 7,
629.

VO(acac)s
—_—
‘BuOOH

OH

CBr,/TPP

OH —»

Br

A solution of carbon tetrabromide (10.8 g, 32.64 mmol) in
CH,Cl, (25 mL) was stirred into a —=10° C. solution of triph-
enylphosphine (8.6 g, 32.94 mmol) and the above epoxy
alcohol (2.8 g, 27.45 mmol) in dry CH,Cl, (100 mL.) under an
argon atmosphere. After 30 min, the reaction mixture was
washed with water (75 mL), brine (50 mL), dried over anhy-
drous Na,SO,, and all volatiles were removed under reduced
pressure. The residue was purified by SiO, column chroma-
tography using 5% EtOAc/hexanes as eluent to give (7)-2-
bromomethyl-3-ethyloxirane (2.92 g, 65%) as colorless oil.
TLC: 20% EtOAc/hexanes, R~0.6; 'H NMR (400 MHz,
CDCl,) 9 3.49-3.53 (dd, 1H, J=4.9, 9.3 Hz), 3.22-3.31 (m,
2H), 3.01-3.06 (m, 1H), 1.54-1.62 (m, 2H), 1.08 (t,3H, J=7.6
Hz).
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(1) nBuLi
0

OH

@) CHN,

n-Buli (1.8 mL of a 2.5 M hexanes solution, 4.48 mmol)
was added slowly to a =70° C. solution of pentadeca-5,14-
diynoic acid (0.5 g, 2.14 mmol) in dry tetrahydrofuran (30
ml) and HMPA (8 mL) under an argon atmosphere. The
resulting mixture was stirred at —75° C. for 30 min, then
allowed to warm to 0° C. over 2 h. After 1 h at 0° C., the
reaction mixture was re-cooled -72° C. and a solution of
(Z)-2-bromomethyl-3-ethyloxirane (0.46 g, 2.56 mmol) in
dry THF (10 mL) was introduced. The resulting mixture was
warmed to room temperature over 3 h. After stirring at room
temperature for 12 h, the reaction was quenched with sat. aq.
NH,C1 (10 mL), stirred for 20 min, and then extracted with
ether (3x75 mL). The combined ethereal extracts were
washed with water (2x100 mL), brine (100 mL), dried over
Na,SO, and concentrated under reduced pressure. The resi-
due was dissolved in 5% MeOH/ether, cooled to 0° C., and
treated with an excess of ethereal diazomethane until the
yellow color persisted for 10 min. After 1 h, all volatiles were
removed under reduced pressure and the residue was purified
by SiO, column chromatography using 5% EtOAc/hexanes
as eluent to give methyl 16-[(Z)-3-ethyloxiranyl |hexadeca-5,
14-diynoate (0.39 g, 56%) as a colorless oil. TLC: 10%
EtOAc/hexanes, R ~0.5; "H NMR (400 MHz, CDCl,) $ 3.65
(s, 3H),3.07-3.12 (m, 1H), 2.88-2.92 (m, 1H), 2.51-2.58 (m,
1H), 2.41 (t, 2H, J=7.3), 2.08-2.26 (m, 7H), 1.74-1.81 (m,
2H), 1.22-1.64 (m, 12H), 1.05 (t, 3H, J=7.6 Hz). Lit. ref: J. R.
Falck; P. S. Kumar; Y. K. Reddy; G. Zou; J. H. Capdevila
Tetrahedron Lett. 2001: 42, 7211.

P-2 Ni/H,

—_—

OMe

e}

NaBH, (33 mg, 0.88 mmol) was added portionwise to a
stirring solution of nickel(Il) acetate tetrahydrate (190 mg,
0.76 mmol) in absolute ethanol (5 mL) under a hydrogen
blanket (1 atm). After 15 min, freshly distilled ethylenedi-
amine (200 mg, 3.24 mmol) was added followed by a solution
of methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-5,14-diynoate

10

15

20

25

45

50

55

60

65

28

(360 mg, 1.08 mmol) in absolute ethanol (5 mL). The hetero-
geneous mixture was maintained at room temperature for 90
min, then diluted with ether (15 mL), and filtered through a
short pad of silica gel. The filter cake was washed with ether
(3x5 mL). The combined ethereal filtrates were dried over
anhydrous Na,SO, and concentrated in vacuo to give methyl
16-[(Z)-3-ethyloxiranyl |hexadeca-5(7),14(Z)-dienoate

(0.35 g, 97%) as a colorless oil sufficiently pure to be used in
the next step without purification. TLC: 20% EtOAc/hexanes,
R~0.6; '"H NMR (400 MHz, CDCl,) 8 5.24-5.54 (m, 4H),
3.62 (s, 3H), 2.82-2.92 (m, 2H), 2.26-2.38 (m, 1H), 2.29 (t,
2H, J=7.3 Hz), 2.10-2.18 (m, 1H), 1.93-2.06 (m, 6H), 1.60-
1.69 (m, 2H), 1.46-1.59 (m, 2H), 1.20-1.34 (m, 10H), 1.01 (1,
3H, J=7.3 Hz); °C NMR (100 MHz, CDCl,) & 174.24,
133.12, 130.16, 128.62, 124.12, 58.6, 56.8, 51.96, 33.72,
29.91,29.84,29.58,29.46,27.54,27.48,26.84, 26.43, 25.06,
21.21, 10.08.

M

OMe .
LiOH
—

OH

o

LiOH (1 mL, 2 M aqueous solution) was added to a 0° C.
solution of methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-5(7),
14(Z)-dienoate (90 mg, 0.266 mmol) in THF (8 mL) and
deionized H,O (2 mL). After stirring at room temperature
overnight, the reaction mixture was cooled to 0° C., the pH
was adjusted to 4 with 1 M aq. oxalic acid, and extracted with
ethyl acetate (2x20 mL). The combined extracts were washed
with water (30 mL), brine (25 mL), dried over anhydrous
Na,SO,, and concentrated in vacuo. The residue was purified
by Si0, column chromatography using 25% EtOAc/hexanes
as eluent to give 16-[(Z)-3-ethyloxiranyllhexadeca-5(7),14
(Z)-dienoic acid (82 mg, 92%) as a colorless oil. TLC: 30%
BEtOAc/hexanes, R ~0.3; 'HNMR (400 MHz, CDCl,) 8 5.26-
5.51 (m, 4H), 2.88-2.98 (m, 2H), 2.31-2.44 (m, 1H), 2.35 (t,
2 H, J=7.7 Hz), 2.13-2.20 (m, 1H), 1.96-2.11 (m, 6 H), 1.64-
1.70 (m, 2H), 1.48-1.61 (m, 2H), 1.22-1.37 (m, 10H), 1.05 (t,
3H, I=7.51); *C NMR (100 MHz, CDCl,) § 179.96, 133.02,
131.87, 128.40, 123.97, 58.85, 57.73, 33.86, 30.04, 29.96,
29.94,29.88,29.81,27.64,27.42,26.81,26.24, 24.86,21.28,
10.81.

EXAMPLE 2

Synthesis of (57,117)-16-(3-Ethyloxirane-2-yl)hexa-
deca-5,11-dienoic acid (2)

e

(1) n-BuLi

2) THPO\/\/\
Br
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-continued

Oct-1,7-diyne (9.0 g, 84.9 mmol; G F Smith) was alkylated
with 2-(4-bromobutoxy)-tetrahydropyran (15 g, 63.68 mmol)
as described above for the synthesis of 2-(pentadeca-5,14-
diynyloxy)tetrahydropyran to give 2-(dodeca-5,11-diyny-
loxy)tetrahydropyran (10.85 g, 65%) as a colorless oil. TLC:
10% EtOAc/hexanes, R ~0.6; 'HNMR (400 MHz, CDCL,) §
4.57 (t,J=2.5Hz, 1H), 3.82-3.87 (m, 1H), 3.70-3.77 (m, 1H),
3.46-3.51 (m, 1H), 3.36-3.42 (m, 1H), 2.14-2.20 (m, 6H),
1.93 (t, 1H, J=2.5 Hz), 1.46-1.72 (m, 14 H).

A solution of carbon tetrabromide (10.8 g, 32.94 mmol) in
CH,Cl, (25 mL) was stirred into a 0° C. solution of triph-
enylphosphine (8.6 g, 32.94 mmol) and oct-5(Z)-en-1-0l (2.8
g, 14.06 mmol) in dry CH,Cl, (100 mL) under an argon
atmosphere. After 30 min, the reaction mixture was washed
with water (75 mL), brine (50 mL), dried over anhydrous
Na,SO,, and all volatiles were removed under reduced pres-
sure. The residue was purified by fractional distillation to
afford 8-bromo-oct-3(Z)-ene (2.01 g, 75%) as a light yellow
oil. TLC: 10% EtOAc/hexanes, R ~0.7; 'HNMR (400 MHz,
CDCl,) 8 5.26-5.45 (m, 2H),3.42 (t,2H, J=7.6 Hz), 1.98-2.22
(m, 4H), 1.63-1.82 (m, 2H), 1.46-1.54 (m, 2H), 0.95 (1, 3H,
J=7.3 Hz). Lit. ref: R. M. Seifert J. Agric. Food Chem. 1981:
29, 647.

—] BIM=/\
mTHP

n-Buli (2.5 M solution in hexanes, 20.65 mmol),
2-(dodeca-5,11-diynyloxy)tetrahydropyran (4.5 g, 17.2
mmol), and 8-bromo-oct-3(Z)-ene (4.1 g, 21.5 mmol) were
reacted as described above for the synthesis of 2-(pentadeca-
5,14-diynyloxy)tetrahydropyran to give 2-[eicos-17(Z)-ene-
5,11-diynyloxy|tetrahydropyran (4.15 g, 65%) as a colorless
oil. TLC: 10% EtOAc/hexanes, R ~0.6; 'HNMR (400 MHz,
CDCl;) 8 5.26-5.41 (m, 2H),4.58 (t,J=2.5Hz, 1H), 3.82-3.87
(m, 1H),3.70-3.77 (m, 1H), 3.46-3.51 (m, 1H), 3.36-3.42 (m,
1H), 2.11-2.20 (m, 8H), 1.92-2.04 (m, 4H), 1.62-1.86 (m,
4H), 1.39-1.69 (m, 14H), 0.94 (t, 3H, J=7.5 Hz).

(1) PTSA
(2) Jones oxid
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-continued

A solution of 2-[eicos-17(Z)-ene-5,11-diynyloxy |tetrahy-
dropyran (1.3 g, 3.49 mmol) and p-toluenesulphonic acid (50
mg; PTSA) in MeOH (50 mL) was stirred at room tempera-
ture for 4 h, then concentrated in vacuo. The residue was
purified by SiO, column chromatography using 15% EtOAc/
hexanes as eluent to give eicosa-17(Z)-ene-5,11-diyn-1-ol
(925 mg, 92%) as a colorless oil. TLC: 30% EtOAc/hexanes,
R~0.35; '"H NMR (400 MHz, CDCl,) & 5.27-5.42 (m, 2H),
3.66 (t, 2H, J=6.8 Hz), 2.00-2.19 (m, 12H), 1.43-1.72 (m,
12H), 0.95 (t, 3H, J=7.7 Hz).

Jones reagent (5 mL of 10 N aq. solution) in acetone (10
ml) was added slowly to a stirring, —40° C. solution of
eicosa-17(Z)-ene-5,11-diyn-1-0l (1.0 g, 3.47 mmol) in
acetone (50 mL). After 1 h, the reaction mixture was warmed
to -10° C., maintained at this temperature for 3 h, then
quenched with excess (5 equiv) isopropanol. The green chro-
mium salts were removed by filtration, the filter cake was
washed with acetone, and the combined filtrates were con-
centrated in vacuo. The residue was dissolved in ethyl acetate
(100 mL), washed with water (50 mL), and concentrated in
vacuo. The residue was purified by SiO, column chromatog-
raphy using 15% EtOAc/hexanes as eluent to give eicosa-17
(Z)-ene-5,11-diynoic acid (920 mg, 88%) as a colorless oil.
TLC: 30% BtOAc/hexanes, R ~0.35; 'H NMR (400 MHz,
CDCl,) 8 5.24-5.41 (m, 2H),2.41 (t,3H, J=6.9Hz), 2.10-2.19
(m, 8H), 1.98-2.09 (m, 4H), 1.75-1.81 (m, 2H), 0.96 (t, 3H,
J=7.7 Hz).

OH MeOH

PTSA (cat.)

e}

A solution of eicosa-17(Z)-ene-5,11-diynoic acid (0.8 g,
2.63 mmol) and PTSA (20 mg) in MeOH (30 mL)) was stirred
at room temperature for 10 h, then concentrated in vacuo and
the residue was purified by SiO, column chromatography
using 3% EtOAc/hexanes as eluent to give methyl eicos-17
(Z)-ene-5,11-diynoate (682 mg, 82%) as acolorless oil. TLC:
10% EtOAc/hexanes, R ~0.60; 'H NMR (400 MHz, CDCl,)
8 5.27-5.42 (m, 2H), 3.67 (s, 3H), 2.43 (t, 2H, J=7.6 Hz),
2.12-2.21 (m, 8H), 1.99-2.09 (m, 4H), 1.76-1.82 (m, 2H),
1.42-1.58 (m, 8H), 0.95 (t, 3H, J=7.7 Hz).

OMe m-CPBA
_—
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-continued

m-Chloroperbenzoic acid (1.6 g, 4.76 mmol; m-CPBA)
was added to a 0° C. solution of methyl eicosa-17(Z)-ene-5,
11-diynoate (1.15 g, 3.66 mmol) in CH,Cl, (50 mL). After 2
h at room temperature, the reaction mixture was diluted with
CH,Cl, (25 mL), washed with sat. aq. NaHCO, (2x25 mL),
brine (2x25 mL), water (50 mL), dried over Na,SO,, and
concentrated under reduced pressure. The residue was puri-
fied by SiO, column chromatography using 5% EtOAc/hex-
anes as eluent to give methyl 16-[(Z)-3-ethyloxiranyl]hexa-
deca-5,11-diynoate (990 mg, 82%) as colorless oil. TLC:
10% BtOAc/hexanes, R ~0.3; 'HNMR (400 MHz, CDCL,) 8
3.67 (s, 3H), 2.84-2.94 (m, 2H), 2.42 (t, 2H, J=7.3 Hyz),
2.14-2.23 (m, 8H), 1.74-1.83 (m, 2H), 1.42-1.61 (m, 12H),
1.03 (t, 3H, J=7.6 Hz).

P-2 NV/H,

—_ >

OMe

OMe

Methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-5,11-diynoate
(250 mg, 0.75 mmol) was subjected to semi-hydrogenation as
described above for the synthesis of methyl 16-[(Z)-3-ethy-
loxiranyllhexadeca-5(Z),14(Z)-dienoate to give methyl 16-
[(Z)-3-ethyloxiranyl|hexadeca-5(7),11(Z)-diencate (246
mg, 98%) as a colorless oil. TLC: 20% EtOAc/hexanes,
R~0.65; '"H NMR (400 MHz, CDCl,) & 5.27-5.42 (m, 4H),
3.66 (s, 3H), 2.83-2.93 (m, 2H), 2.30 (t, 2H, J=7.3 Hyz),
1.92-2.09 (m, 8H), 1.63-1.72 (m, 2H), 1.25-1.58 (m, 12H),
1.03 (t, 3H, J=7.7 Hz); *C NMR (100 MHz, CDCl,) &
174.45,131.24, 130.04, 129.68, 128.88, 58.30, 56.75, 51.65,
33.63,29.92,29.76,27.94,29.74,27.36,26.86,26.52, 25.54,
21.36, 10.89. Lit. ref: J. R. Falck; L. M. Reddy; Y. K. Reddy;
M. Bondlela; U. M. Krishna; Y. Ji; J. Sun.; J. K. Liao Bioorg.
Med. Chem. Lett. 2003: 13, 4011.

@

OMe 1ioH
—_—
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-continued

OH

Methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-5(Z),11(Z)-di-
enoate (0.25 g, 0.74 mmol) was hydrolyzed as described
above for 16-[(Z)-3-ethyloxiranyllhexadeca-5(Z),14(Z)-di-
enoic acid to give 16-[(Z)-3-ethyloxiranyllhexadeca-5(Z),11
(Z)-dienoic acid (222 mg, 93%) as a colorless oil. TL.C: 30%
BEtOAc/hexanes, R ~0.3; 'HNMR (400 MHz, CDCl,) 8 5.28-
5.40 (m, 4H), 2.87-2.97 (m, 2H), 2.34 (1, 3H, J=7.0 Hz),
1.97-2.12 (m, 8H), 1.63-1.74 (m, 2H), 1.30-1.60 (m, 12H),
1.02 (1, 3H, J=7.4 Hz); >)C NMR (300 MHz, CDCl,) §
180.06, 131.75, 130.03, 129.77, 128.66, 58.86, 57.87,33.93,
29.93,29.84,29.81,27.89,27.68,26.41,26.36, 24.83,21.26,
10.84.

EXAMPLE 3

Synthesis of (87,147)-16-(3-Ethyloxirane-2-yl)hexa-
deca-8,14-dienoic Acid (3)

HO/\/\/\/\OH &;
Br/\/\/\/\ OH

Heptane-1,7-diol (36.0 g, 272 mmol; Alfa Aesar) and aq.
48% HBr (38 mL) were heated under reflux in benzene (400
ml) with water removal using a Dean-Stark apparatus. After
12 h, all volatiles were removed in vacuo and the residue was
purified by SiO, column chromatography using a gradient of
10-30% EtOAc/hexanes as eluent to give 7-bromoheptan-1-
01(26.22 g, 62%) as colorless oil. TLC: 50% EtOAc/hexanes,
R~0.4; '"HNMR (400 MHz, CDCl;) $3.61 (1, 2H, J=7.1 Hz),
3.39(t,2H, J=6.8 Hz), 1.80-1.88 (m, 2H), 1.52-1.58 (m, 2H),
1.30-1.46 (m, 6H).

Br/\/\/\/\OH

7-Bromoheptane-1-01 (11.0 g, 56.7 mmol) from above was
protected as its THP ether as described previously to give
2-(7-bromoheptyloxy)tetrahydro-2H-pyran (14.50 g, 92%)
as colorless oil. TLC: 10% EtOAc/hexanes, R ~0.5; "HNMR
(400 MHz, CDCl,) § 4.58 (m, J=2.5 Hz, 1H), 3.84-3.88 (m,
1H), 3.68-3.77 (m, 1H), 3.46-3.3.51 (m, 1H), 3.33-3.43 (m,
3H), 1.80-1.81 (m, 2H), 1.30-1.62 (m, 14 H).

< A~ ___ (DuBuLi

0 NN o
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Oct-1,7-diyne (6.3 g, 59.3 mmol) was alkylated with 2-(7-
bromoheptyloxy)tetrahydro-2H-pyran (11 g, 39.56 mmol) as
described above to give 2-(pentadeca-8,14-diynyloxy)tet-
rahydro-2H-pyran (7.82 g, 64%) as a colorless oil. TLC: 10%
EtOAc/hexanes, R ~0.6; "H NMR (400 MHz, CDCl,)  4.57
(t, I=2.5 Hz, 1H), 3.82-3.87 (m, 1H), 3.70-3.77 (m, 1H),
3.46-3.51 (m, 1H), 3.36-3.42 (m, 1H), 2.14-2.20 (m, 6H),
1.93 (t, J=2.6 Hz, 1H), 1.46-1.72 (m, 20 H)

2-(Pentadeca-8,14-diynyloxy)tetrahydro-2H-pyran (5 g,
16.45 mmol) was cleaved using p-toluenesulphonic acid (60
mg) in MeOH (100 mL) as described above and the product
was purified by SiO, column chromatography using 15%
EtOAc/hexanes as eluent to give pentadeca-8,14-diyn-1-ol
(3.26 g, 90%) as a colorless oil. TLC: 30% EtOAc/hexanes,
R~0.35; "H NMR (400 MHz, CDCl,) & 3.63 (t, 2H, J=5.5
Hz), 2.10-2.18 (m, 6H), 1.93 (t, 1H, J=2.6 Hz), 1.24-1.62 (m,
14 H).

K\/\/\OH

Jones
—
oxid

OH

xidation of pentadeca-8,14-diyn-1-ol (3.0 g, 13.69 mmol)
using Jones reagent as described above and purification by
SiO, column chromatography using 15% EtOAc/hexanes as
eluent gave pentadeca-8,14-diynoic acid (2.80 g, 87%) as a
colorless oil. TLC: 30% EtOAc/hexanes, R ~0.33; 'H NMR
(400 MHz, CDCl,) 8 2.34 (t, I=7.0 Hz, 2H), 2.10-2.18 (m,
6H), 1.93 (t,1=2.6 Hz, 1H), 1.55-1.67 (m, 6H), 1.33-1.49 (m,
6H).

o (1) nBuLi;
i valh
[¢]

(2) CH:N,
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Pentadeca-8,14-diynoic acid (0.80 g, 3.42 mmol) was
alkylated with (Z)-2-(bromomethyl)-3-ethyloxirane (0.74 g,
4.10 mmol) and esterified using diazomethane as described
above to give methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-5,
14-diynoate to give methyl 16-[(Z)-3-ethyloxiran-2-yl]hexa-
deca-8,14-diynoate (658 mg, 58%) as a colorless oil. TLC:
10% EtOAc/hexanes, R ~0.5; ‘H NMR (400 MHz, CDCl;) &
3.65(s,3H),3.07-3.12 (m, 1H), 2.88-2.92 (m, 1H), 2.51-2.61
(m, 1H), 2.32-2.50 (m, 1H), 2.30 (t, J=7.5 Hz, 3H), 2.08-2.25
(m, 6 H), 1.25-1.65 (m, 14H), 1.06 (t, I=7.3 Hz, 3H)

P-2 Ni/H,

—_—

OMe

OMe

o

Methyl 16-[(Z)-3-ethyloxiranyl |hexadeca-8,14-diynoate
was subjected to the semi-hydrogenation procedure above to
give methyl 16-[(Z)-3-ethyloxiranyllhexadeca-8(Z),14(Z)-
dienoate (97%) as a colorless oil. TLC: 20% EtOAc/hexanes,
R~0.55; '"H NMR (400 MHz, CDCl,) & 5.31-5.56 (m, 4H),
3.66 (s, 3H), 2.86-2.96 (m, 2H), 2.25-2.42 (m, 1H), 2.28 (t, 2
H, I=7.33 Hz), 2.12-2.20 (m, 1H), 1.96-2.08 (m, 6H), 1.52-
1.64 (m, 4H), 1.26-1.39 (m, 10H), 1.03 (t, 3H, J=7.3 Hz); °C
NMR (100 MHz, CDCl,) § 174.30, 132.60, 129.99, 129.84,
124.13, 58.40, 56.73, 51.51, 34.17, 29.66, 29.47, 29.30,
29.18,29.03,27.46,27.27,27.20, 26.28,25.05, 21.21, 10.76.

&)

LiOH
—_—

OMe

OMe

o

Methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-8(7),14(Z)-di-
enoate was hydrolyzed as described above to give 16-[(Z)-3-
ethyloxiranyl Jhexadeca-8(7),14(Z)-dienoic acid (93%) as a
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colorless oil. TLC: 30% EtOAc/hexanes, R~0.3; 'H NMR
(300 MHz, CDCl,) § 5.31-5.53 (m, 4H), 2.87-2.98 (m, 2H),
2.33-2.43 (m, 1H), 2.33 (t, J=7.3 Hz, 2H), 2.13-2.22 (m, 1H),
1.94-2.08 (m, 6H), 1.52-1.64 (m, 4H), 1.30-1.38 (m, 10H),
1.04 (t, I=7.4 Hz, 3H); 1*C NMR (75 MHz, CDCl,) § 180.06,
132.54, 130.03, 130.01, 125.03, 58.87, 57.73, 34.16, 29.86,
29.74,29.71,29.52,29.45,27.84,27.67,27.42,26.33,24.75,
21.48,10.82.

EXAMPLE 4

Synthesis of 16-[(Z)-3-Ethyloxiranyllhexadec-11(Z)-
enoic Acid (4), 16-[(Z)-3-Ethyloxiranyl]hexadec-5
(Z)-enoic Acid (7), and 16-[(Z)-3-Ethyloxiranyl]
hexadecanoic Acid (8)

NH,— NH,/
CuS0,

OMe ———— =

0,

OMe

OMe

OMe

A stream of dry air was passed through a stirring solution of
hydrazine hydrate (400 mg, 12 mmol, 20 equiv), methyl
16-[(Z)-3-ethyloxiranyl Jhexadeca-5(Z),11(Z)-dienoate (200
mg, 0.60 mmol), and CuSO,.5H,0O (10 mg) in ethanol (5
mL). The stream of air was passed through EtOH to saturated
it with ethanol and help maintain the reaction volume. After
12 h, the reaction mixture was passed through a short pad of
silica gel and the filter cake was washed with dichlo-
romethane (3x10mL). The combined filtrates were dried over
anhydrous Na,SO,, and concentrated in vacuo. The residue
was resolved into its components by AgNO;-impregnated
PTLC using 2% CH,Cl,/benzene: R ~0.2, 0.4, 0.55, and 0.85
for methyl 16-[(Z)-3-ethyloxiranyllhexadeca-5(Z),11(Z)-di-
enoate, methyl 16-[(Z)-3-ethyloxiranyl]hexadec-11(Z)-
enoate, methyl 16-[(Z)-3-ethyloxiranyl|hexadec-5(7)-
enoate, and methyl 16-[(Z)-3-ethyloxiranyl |hexadecanoate,
respectively, isolated in a ratio of 2:3:3:2, respectively. Lit.
ref: E. J. Corey; T. M. Eckrich Tetrahedron Lett. 1984: 25,
2415.
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Methyl 16-[(Z)-3-ethyloxiranyl]hexadec-5(Z)-enoate: 'H
NMR (400 MHz, CDCl,) § 5.27-5.42 (m, 2H), 3.66 (s, 3H),
2.84-2.92 (m, 2H), 2.30 (t, J=7.4 Hz, 2H), 1.96-2.08 (m, 4H),
1.64-1.71 (m, 2H), 1.45-1.58 (m, 4H), 1.21-1.36 (m, 16H),
1.03 (t, I=7.3 Hz, 3H); '*C NMR (100 MHz, CDCl,) &
174.45, 131.88, 128.63, 58.64, 57.87, 51.96, 33.88, 29.99,
29.86,29.74,29.46,27.98,27.76,26.88,26.72, 25.88,21.32,
10.48.

Methyl  16-[(Z)-3-ethyloxiranylhexadec-11(Z)-enoate:
'H NMR (300 MHz, CDCl,) 5.25-5.35 (m, 2H), 3.61 (s, 3H),
2.79-2.89 (m, 2H), 2.25 (t,J=7.3 Hz, 2H), 1.93-2.04 (m, 4H),
1.19-1.60 (m, 22H), 1.00 (t, I=7.2 Hz, 3H); '*C NMR (100
MHz, CDCl,) 8 174.48, 130.41, 129.54, 58.54, 57.45, 51.62,
34.27,29.92,29.81,29.67,29.63,29.47,29.46, 29.34, 27.80,
27.42,27.27,26.42, 25.14, 10.82.

Methyl 16-[(Z)-3-ethyloxiranylJhexadecanoate: "H NMR
(400 MHz, CDCl,) 8 3.67 (s, 3H), 2.84-2.94 (m, 2H), 2.31 (t,
2H, I=7.4 Hz), 1.42-1.65 (m, 6H), 1.22-1.34 (m, 24H), 1.04
(t, 3H, J=7.3 Hz).

Q)

OMe LiOH

OH

o

Methyl 16-[(Z)-3-ethyloxiranyllhexadec-5(Z)-enoate was
hydrolyzed as described above to afford 16-[(Z)-3-ethylox-
iranylJhexadec-5(Z)-enoic acid (7, 92%) as a colorless oil.
TLC: 30% EtOAc/hexanes, R~0.3; 'H NMR (300 MHz,
CDCl,) 8 5.27-5.43 (m, 2H), 2.85-2.93 (m, 2H), 2.34 (1, I=7.6
Hz, 2H), 1.95-2.11 (m, 4H), 1.64-1.72 (m, 2H), 1.49-1.60 (m,
4H), 1.22-1.36 (m, 16H), 1.03 (t, J=7.4 Hz, 3H); >°C NMR
(75 MHz, CDCl,) 8 179.42, 131.54, 128.40, 60.08, 58.75,
57.73,34.59,31.86,29.86,29.74,29.71,29.45,27.84,27 42,
26.81, 26.64, 24.85, 21.28, 15.47, 10.81.

@)

OMe LiOH

OH

o

Methyl  16-[(Z)-3-ethyloxiranylhexadec-11(Z)-enoate
was hydrolyzed as described above to afford 16-[(Z)-3-ethy-
loxiranyllhexadec-11(Z)-enoic acid (4, 92%) as a colorless
oil. TLC: Si0,, 30% EtOAc/hexanes, R ~0.3; 'H NMR (300
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MHz, CDCl,)8 5.28-5.40 (m, 2H), 2.84-2.94 (m, 2H), 2.31 (1,
J=7.6 Hz, 2H), 1.96-2.04 (m, 4H), 1.02-1.62 (m, 22H), 1.01
(t, 3H, =7.4 Hz); *C NMR (75 MHz, CDCl,) & 180.10,
130.45, 129.57, 58.74, 57.67, 34.27, 29.92, 29.81, 29.66,
29.60,29.46,29.43,29.25,27.76,27.43,27.28,26.41, 24.89,
21.27,10.81.

®

LiOH

OMe ——

OH

Methyl  16-[(Z)-3-ethyloxiranyl]hexadecanoate  was
hydrolyzed as described above to afford 16-[(Z)-3-ethylox-
iranyl Jhexadecanoic acid (8, 94%) as white solid. M.P.: 62.1-
62.5° C., TLC: 30% EtOAc/hexanes, R ~0.35; "HNMR (400
MHz, CDCl,) § 2.86-2.94 (m, 2H), 2.34 (t, 2H, J=7.3 Hz),
1.46-1.65 (m, 30H), 1.04 (t, 3H, J=7.35 Hz); '*C NMR (100
MHz, CDCl,) 6 180.04, 58.83, 57.47, 34.24, 30.06, 30.03,
29.92,29.81,29.66,29.60,29.46,29.43,29.25,27.76, 27 43,
27.28,26.41, 24.89, 21.27, 10.89.

Enantiomeric Resolution of Methyl
16-[(Z)-3-ethyloxiranyl|hexadec-11(Z)-enoate by
Chiral HPLC

Chromatography of methyl 16-[(Z)-3-ethyloxiranyl]hexa-
dec-11(Z)-enoate using a Chiralcel® OJ-H column (250x4.6
mm) with hexane/iPrOH (99.7:0.3) at a flow rate of 1
mL/min, uv detector at 195 nm, furnished the R,S-enantiomer
(R;=15.17 min) and S,R-enantiomer (R,=17.68 min). Pre-
parative separation: Chiralcel® OJ-H column (250x20 mm)
using hexane/iPrOH (99.5:0.5) at a flow rate of 8 mL./min, uv
detector at 195 nm, injecting 7 mg/100 uL. in mobile phase.

EXAMPLE 5

Synthesis of 16-[(Z)-3-Ethyloxiranyllhexadec-14(Z)-
enoic Acid (5), 16-[(Z)-3-Ethyloxiranyl|hexadec-8
(Z)-enoic Acid (6) and 16-[(Z)-Ethyloxiranyl]hexa-

dec-14(Z)-enoic Acid (8)

HLoNNH,/CuSOy
OMe ———
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O
OMe
(@]
4
O
OMe
[¢]
4
O
OMe
[¢]

Methyl 16-[(Z)-3-ethyloxiranyl]hexadeca-8(7),14(Z)-di-
enoate was partially reduced using diimide as described
above. AgNO,-impregnated PTLC using 2% CH,Cl,/ben-
zene: R ~0.2,0.5, 0.6, and 0.85 for methyl 16-[(Z)-3-ethylox-
iranyl|hexadeca-8(7),14(Z)-dienoate, methyl (Z)-16-(3-
ethyloxiranyl)hexadec-14(Z)-enoate, methyl 16-[(Z)-3-
ethyloxiranyl Jhexadec-8(Z)-enoate, and methyl 16-[(Z)-3-
ethyloxiranyl Jhexadecanoate, respectively, isolated in a ratio
01'2:3:3:2, respectively.

Methyl 16-[(Z)-3-ethyloxiranyl]hexadec-8(Z)-enoate: ‘H
NMR (300 MHz, CDCl;) § 5.31-5.35 (m, 2H), 3.66 (s, 3H),
2.84-2.91 (m, 2H), 2.27 (t,J=7.3 Hz, 2H), 1.97-2.08 (m, 4H),
1.47-1.64 (m, 4H), 1.22-1.39 (m, 18H), 1.03 (t, J=7.3 Hz,
3H).

Methyl 16-[(Z)-ethyloxiranyl]hexadec-14(Z)-enoate: 'H
NMR (300 MHz, CDCl;) § 5.35-5.53 (m, 2H), 3.63 (s, 3H),
2.84-2.95 (m, 2H), 2.32-2.39 (m, 1H), 2.27 (t, ]=7.3 Hz, 2 H),
2.12-2.95 (m, 1H), 1.98-2.04 (m, 2H), 1.48-1.64 (m, 4H),
1.20-1.34 (m, 18H), 1.04 (1, J=7.4 Hz, 3H); *C NMR (75
MHz, CDCl,) 174.62, 132.86, 123.86, 58.84, 56.92, 51.76,
34.48,29.96,29.89,29.84,29.79,29.74,29.68, 29.66, 29.59,
29.57,27.76, 26.36, 25.17, 21.33, 10.07.

LiOH
—_

OMe

OH

o

Methyl 16-[(Z)-3-ethyloxiranyllhexadec-8(Z)-enoate was
hydrolyzed as described above to afford 16-[(Z)-3-ethylox-
iranylJhexadec-8(Z)-enoic acid (6, 91%) as a colorless oil.
TLC: 30% BtOAc/hexanes, R ~0.33; 'H NMR (400 MHz,
CDCl,) 9 5.34-5.40 (m, 2H), 2.90-2.96 (m, 2H), 2.36 (t, 2 H,
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J=7.7 Hz), 2.01-2.05 (m, 4H), 1.22-1.65 (m, 22H), 1.07 (t,
3H,1=7.4 Hz); "*C NMR (75 MHz, CDCl,) § 180.08, 130.52,
129.66, 58.54, 57.47, 34.23, 29.81, 29.61, 29.56, 29.36,
29.16,29.13,29.07, 28.86,27.53,26.78, 26.61, 24.49, 21 46,

10.78. 5
0
OMe  1i0H 10
—_
o
0
15
OH
o 20

Methyl  16-[(Z)-3-ethyloxiranyl]hexadec-14(Z)-enoate
was hydrolyzed as described above to afford 16-[(Z)-3-ethy-
loxiranyllhexadec-14(Z)-enoic acid (5, 90%). TLC: 30%
EtOAc/hexanes, R ~0.32; 'H NMR (300 MHz, CDCL,) &
5.36-5.59 (m, 2H), 2.87-2.98 (m, 2H), 2.34 (t, J=7.6 Hz, 2H),
2.31-2.43 (m, 1H), 2.12-2.22 (m, 1H), 1.99-2.06 (m, 2H),

25

A Y e Va NV e

1.50-1.64 (m, 4H), 1.20-1.35 (m, 18H), 1.04 (t, J=7.3 Hz,
3H); *C NMR (75 MHz, CDCL,) 8 180.04, 133.06, 123.96,
58.46, 57.42,34.12, 30.04,30.01, 30.00, 29.98, 29.84, 29.96,
29.92, 29.89, 29.87, 27.88, 26.38, 25.01, 21.27, 10.92.

EXAMPLE 6
Synthesis of 16-(3-Ethylureido)hexadec-11(Z)-enoic »
Acid (11)

50
NaH

A N NP S S L -
H,N /\/NH
) e e Ve Ve

55

NaH (7.5 g, 60% oil dispersion, 326 mmol) was added
portionwise to a stirring, 0° C. solution of dodec-3-yn-1-ol
(10.0 g, 54.95 mmol; GF Smith) in ethylenediamine (40 mL).
After 1 h, the temperature was raised to 70° C. After another
8 h, the reaction mixture was cooled to 0° C., carefully
quenched with ice cold water (100 mL), and extracted with
ether (3x60 mL). The combined ethereal extracts were
washed with water (100 mL). The aqueous wash was back
extracted with ether (3x60 mL). The combined organic
extracts were concentrated in vacuo and the residue subjected
to column chromatography using 10% EtOAc/hexanes
afforded dodec-10-yn-1-0l (7.4 g, 74%) contaminated with

60

65

40
3-5% of other regioisomers. TLC: 30% EtOAc/hexane,
R ~0.4; 'HNMR (300 MHz, CDCl,) 8 3.66 (t, 2H, J=7.3 Hz),
2.14-2.21 (m, 2H), 1.93 (t, J=1.9 Hz, 1H), 1.20-1.63 (m,
16H). Lit. ref: R. V. Novikov; A. A. Vasil’ev; I. A. Balova
Russ. Chem. Bull., Internat. Ed. 2005: 54, 1043-1045.

TBDPSCI
—_—

OH
NSNS ok
T OTBDPS

tert-Butyldiphenylsilyl chloride (TBDPSCI, 8.70 g, 31.65
mmol) was slowly added to a 0° C. solution of dodec-11-yn-
1-01(4.80 g,26.37 mmol) and imidazole (3.23 g, 47.47 mmol)
in anhydrous dichloromethane (100 mL). After stirring at
room temperature for 3 h, the reaction mixture was washed
with water (75 mL), brine (50 mL), and concentrated under
reduced pressure. The residue was purified by SiO, column
chromatography using 3% EtOAc/hexanes as eluent to give
12-(tert-butyldiphenylsilyloxy)dodec-1-yne (9.75 g, 88%) as
a colorless oil. TLC: 6% EtOAc/hexanes, R~0.7; 'H NMR
(CDCl;, 300 MHz) 8 7.65-7.68 (m, 4H), 7.34-7.42 (m, 6H),
3.65 (t, J=7.3 Hz, 2H), 2.18 (dt, J=7.0, 2.4 Hz, 2H), 1.94 (t,
J=1.9 Hz, 1H), 1.20-1.60 (m, 16H), 1.04 (s, 9H).

(1) nBuLi

Br

<X/\j/\/\oTBDPS
— OTHP

Alkylation of 12-(tert-butyldiphenylsilyloxy)dodec-1-yne
with 2-(4-bromobutoxy tetrahydropyran as described above
gave tert-butyldiphenyl-[ 16-(tetrahydropyran-2-yloxy)hexa-
dec-11-ynyloxy]|silane (66%) as a colorless oil which was
used in the next reaction without further purification. TLC:
10% BtOAc/hexane, R ~0.5.

Qix\/\OTBDPS
— OTHP
<—X/\W\/\—OH
OTHP

TBAF

—_—

Tetra-n-butylammonium fluoride (3.14 g, 12.5mlL. ofa 1 M
solnin THF, 12.50 mmol) was added to a solution of the above
crude tert-butyldiphenyl-[ 16-(tetrahydropyran-2-yloxy)
hexadec-11-ynyloxy]silane (6 g, 10.42 mmol) in THF (150
mL) under an argon atmosphere. After 5 h, the reaction mix-
ture was quenched with sat. aq. NH,CI (5 mL), washed with
water (100 mL), and brine (75 mL). The aqueous layer was
back-extracted with ether (2x75 mL). The combined organic
extracts were dried over Na,SO,, concentrated under reduced
pressure, and the residue was purified by SiO, column chro-
matography using 5-10% EtOAc/hexanes as eluent to give
16-(tetrahydro-2H-pyran-2-yloxy)hexadec-11-yn-1-ol (3.17
g, 80% overall) as a colorless oil. TL.C: 40% EtOAc/hexanes,
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R~0.4; 'H NMR (CDCl,, 300 MHz) 8 4.57-4.59 (m, 1H),
3.82-3.90 (m, 1H), 3.71-3.79 (m, 1H), 3.64 (t, 2H, J=6.8 Hz),
3.46-3.53 (m, 1H), 3.36-3.44 (m, 1H), 2.10-2.22 (m, 4H),
1.20-1.80 (m, 26H).

OH P2-NVH,
—_—
— OTHP
<—X/\W\/\OH
— OTHP

Semi-hydrogenation of 16-(tetrahydro-2H-pyran-2-yloxy)
hexadec-11-yn-1-0l as described above gave 16-(tetrahydro-
2H-pyran-2-yloxy)hexadec-11(Z)-en-1-0l (99%) as a color-
less oil. TLC: 20% EtOAc/hexane, R~0.30; 'H NMR
(CDCl;, 300 MHz) € 5.33-5.37 (m, 2H), 4.58 (m, 1H), 3.83-
3.90 (m, 1H), 3.73-3.77 (m, 1H), 3.65 (t, 2H, J=6.7 Hz),
3.46-3.53 (m, 1H), 3.34-3.44 (m, 1H), 1.97-2.09 (m, 4H),
1.20-1.83 (m, 26H).

w\/\_o}[
OTHP

Jones oxid
B ——

e}

OH

OTHP

Jones oxidation of 16-(tetrahydro-2H-pyran-2-yloxy)
hexadec-11(Z)-en-1-0l as described above gave 16-(tetrahy-
dro-2H-pyran-2-yloxy)hexadec-11(Z)-enoic acid (68%) as a
colorless oil. TLC: Si0,, 40% EtOAc/hexanes, R ~0.40; 'H

NMR (CDCls, 300 MHz) 8 5.33-5.37 (m, 2H), 4.56-4.58 (m,
1), 3.83-3.88 (m, 1H), 3.73-3.78 (m, 1H), 3.49-3.53 (m,
1H), 3.35-3.43 (m, 1H), 2.34 (t, ]=7.0 Hz, 2H) 1.97-2.09 (m,
4T1), 1.20-1.84 (m, 241).
[0}
og _PPTS
MeOH
— OTHP
0
OMe
— OoH

A solution of 16-(tetrahydro-2H-pyran-2-yloxy)hexadec-
11(Z)-enoic acid (2.1 g, 5.93 mmol) and PTSA (50 mg) in
MeOH (30 mL.) was stirred at room temperature for 10 h, then
concentrated in vacuo and the residue was purified by SiO,
column chromatography using 15% EtOAc/hexanes as eluent
to give methyl 16-hydroxyhexadec-11(Z)-enoate (1.42 g,
83%) as a colorless oil. TLC: 20% BEtOAc/hexanes, R ~0.35;
'"H NMR (CDCls, 300 MHz) § 5.33-5.37 (m, 2H), 3.65 (s,
3H), 3.63 (t,J=7.3 Hz, 2H), 2.29 (t, J=7.0 Hz, 2H), 1.97-2.08
(m, 4H), 1.21-1.64 (m, 18H).

10

15

20

25

30

35

40

45

50

55

60

65

42

OMe (PhO)P(O)N;

OH

OMe

N3

Diisopropyl azodicarboxylate (DIAD; 1.15 g, 5.70 mmol)
was added dropwise to a —=20° C. solution of triphenylphos-
phine (1.49 g, 5.70 mmol) in dry THF (30 mL.) under an argon
atmosphere. After stirring for 10 min, a solution of methyl
16-hydroxyhexadec-11(Z)-enoate (1.35 g, 4.75 mmol) in
anhydrous THF (5 mL) was added dropwise. After 30 min at
-20° C., the reaction mixture was warmed to 0° C. and diphe-
nylphosphoryl azide (DPPA, 1.38 g, 5.70 mmol) was added
dropwise. After stirring at room temperature for 6 h, the
reaction was quenched with water (3 mL), diluted with ether
(50 mL), and washed with brine (40 mL). The aqueous layer
was back-extracted with ether (2x30 ml.). The combined
organic extracts were dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified by SiO,
column chromatography using 5% EtOAc/hexanes as eluent
to afford methyl 16-azidohexadec-11(Z)-encate (1.14 g,
78%) as a light yellow oil (contaminated with a little DIAD
impurity). TLC: 10% FEtOAc/hexanes, R ~0.45; 'H NMR
(CDCl;, 300 MHz) 8 5.31-5.43 (m, 2H), 3.66 (s, 3H), 3.26 (t,
J=6.7 Hz, 2H), 2.30 (t, J=7.1 Hz, 2H), 1.97-2.10 (m, 4H),
1.50-1.64 (m, 4H), 1.15-1.48 (m, 14H). Lit. ref.: C. M.
Afonso; M. T. Barros; L. S. Godinhoa; C. D. Maycock Tet-
rahedron 1994: 50, 9671.

(1) TPP/H,0
(2) H;CCH,—CNO
N3
O

5 OMe
N)J\N/\
H H

Triphenylphosphine (1.15 g., 4.41 mmol) was added to a
room temperature solution of methyl 16-azidohexadec-11
(Z)-enoate (1.05 g., 3.4 mmol) in THF (25 mL). After 2 h,
water (200 [JL.) was added and the stirring was continued for
another 8 h. The reaction mixture was then diluted with
EtOAc (20 mL), washed with water (20 mL) and brine (25
mL). Aqueous layers were back-extracted with EtOAc (2x30
mL). The combined organic extracts were dried over Na,SO,,
concentrated under reduced pressure and further dried under
high vacuum for 4 h. The crude methyl 16-aminohexadec-11
(Z)-enoate was used in the next step without additional puri-
fication. Lit. ref.: S. Chandrasekhar; S. S. Sultana; N. Kiran-
mai; Ch. Narsihmulu Tetrahedron Lett. 2007: 48, 2373.

Ethyl isocyanate (60 mg, 0.85 mmol) was added to a room
temperature solution of the above crude methyl 16-amino-
hexadec-11(Z)-enoate (200 mg. 0.71 mmol) in dry THF (20
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ml). After 6 h, reaction mixture was concentrated under
reduced pressure and the residue was purified by SiO, column
chromatography using 30% EtOAc/hexanes as eluent to give
methyl 16-(3-ethylureido)hexadec-11(Z)-enoate (223 mg,
86%) as a colorless, thick oil. TLC: 50% EtOAc/hexanes,
R~0.40; 'H NMR (CDCl,, 300 MHz) & 5.23-5.38 (m, 2H),
5.08 (brs, 2H), 3.63 (s, 3H), 3.09-3.20 (m, 4H), 2.27 (t, J=7.1
Hz, 2H), 1.93-2.04 (m, 4H), 1.20-1.62 (m, 18H), 1.08 (t,
J=7.3 Hz, 3H); >*CNMR (CDCl,, 75MHz) § 174.72, 130.53,
129.45, 51.70, 40.47, 35.26, 34.32, 30.24, 29.91, 29.66,
29.60, 29.46, 29.34, 27.43, 27.27, 27.12, 25.15, 15.80. Lit.
ref.: V. Papesch; E. F. Schroeded J. Org. Chem. 1951: 16,
1879.

an

Methyl 16-(3-ethylureido)hexadec-11(Z)-enoate  was
hydrolyzed as described above to give 16-(3-ethylureido)
hexadec-11(Z)-enoic acid (82%) obtained as a white powder.
M.P.:83.1-83.3° C. TLC: SiO,, 75% EtOAc/hexanes, R ~0.3;
'HNMR (CDCl,, 300 MHz)  5.26-5.42 (m, 2H), 4.89 (br s,
1H), 3.06-3.24 (m, 4H), 2.32 (t,J=7.1 Hz, 2H), 1.97-2.08 (m,
4H), 1.22-1.64 (m, 18H), 1.14 (t, J=7.3 Hz, 3H); >*C NMR
(CDCl,, 75 MHz) 8 179.72, 130.79, 129.35, 40.99, 35.66,
34.45,29.70,29.67,29.24,29.12,28.99,27.26,27.14, 27.04,

24.97,15.50.
EXAMPLE 7
Synthesis of 16-(Butyrylamino)hexadec-11(Z)-enoic
acid (12)
(€]
EDCI
OMe
— NH,

—_—_—
O
HO)]\/\
O
5 OMe

BN

Butyric acid (100 mg, 1.10 mmol), 1-hydroxybenzotriaz-
ole (145 mg, 1.10 mmol; HOBt) and diisopropylethylamine
(150 mg, 1.10 mmol; DIPEA) were added to a stirring solu-
tion of the previously described crude methyl 16-aminohexa-
dec-11(Z)-enoate (240 mg, 0.85 mmol) in anhydrous DMF
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(20 mL) under an argon atmosphere. After 5 min, 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide (210 mg, 1.10 mmol;
EDCI) was added as a solid. After stirring for 12 h at room
temperature, the reaction mixture was diluted with EtOAc (30
ml), washed with water (30 mL), and brine (20 mL). The
combined aqueous layers were back-extracted with EtOAc
(3x30 mL). The combined organic extracts were dried over
Na,SO,, concentrated under reduced pressure, and the resi-
due was purified by SiO, column chromatography using 30%
EtOAc/hexanes as eluent to give methyl 16-(butyrylamino)
hexadec-11(Z)-enoate (246 mg, 82%) as a viscous oil. TLC:
50% EtOAc/hexanes, R ~0.5; "H NMR (CDCl,, 300 MHz) &
5.58 (brs, 1H), 5.26-5.40 (m, 2H), 3.65 (s, 3H), 3.19-3.26 (m,
2H), 2.25-2.31 (m, 2H), 2.12 (t,J=7.1 Hz, 2H), 1.95-2.08 (m,
4H), 1.22-1.66 (m, 18H), 0.92 (t, J=7.1 Hz, 3H); *°C NMR
(CDCl,, 75 MHz) 8 174.61, 173.26, 130.71, 129.31, 51.67,
39.60,38.99,34.32,29.90, 29.66, 29.60, 29.50, 29.45,29.34,
27.43,27.21,27.01,25.15,19.46,13.98. Lit. ref.: J. Cesar; M.
S. Dolenc Tetrahedron Lett. 2001, 42, 7099.

12)

O LiOH
—_—

OH
J
H

Methyl 16-(butyrylamino)hexadec-11(Z)-enoate  was
hydrolyzed as described above to give 16-(butyrylamino)
hexadec-11(Z)-enoic acid (88%) as a white solid. M.P. 99.2-
99.6° C. TLC: 75% EtOAc/hexanes, R~0.5; 'H NMR
(CD,0D, 300 MHz) 6 5.28-5.41 (m, 2H), 3.15 (t, 2H, J=7.3
Hz), 2.01-2.21 (m, 8H), 1.22-1.64 (m, 20H), 0.93 (t, 3H,
J=7.1 Hz); '*C NMR (CDCl,, 75 MHz) § 174.89, 130.10,
129.17, 39.07, 37.88, 29.67, 29.55, 29.49, 29.20, 28.89,
27.00, 26.95, 26.66, 26.52, 22.96, 19.31, 12.85.

EXAMPLE 8

Synthesis of 16-(2-(methylamino)-2-oxoacetamido)
hexadec-11(Z)-enoic acid (13)

OEt
Cl

(6] H (6]

Methylamine (1.5 g, 23 mL of a 1 M THF solution, 48.38
mmol) solution was added dropwise to a —10° C. solution of
ethyl chlorooxoacetate (5.0 g,36.76 mmol) and triethylamine
(5.6 g, 7.6 mL, 55.44 mmol) in dry THF (100 mL) under an
argon atmosphere. After stirring at 0° C. for 1 h, then reaction
was quenched with water (5§ mL). Following another 20 min,
the reaction mixture was extracted into ethyl acetate (2x30
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ml) and the combined organic extracts were washed with
water (2x100 mL), dried and concentrated in vacuo. The
residue was purified by column chromatography using 40%
EtOAc/hexanes to give monoethyl N-methyloxalamic acid
(3.95 g, 82%) as a white powder. TLC: 75% EtOAc/hexane,
R~0.4; '"HNMR (CDCl,,300 MHz) 8 4.35 (q, 2H, J=7.0 Hz),
2.92 (d, 3H, J=5.2 Hz), 1.37 (t, 3H, J=7.3 Hz).

(6] (€]
LiOH

Me OEt —— Me OH

~

i oy
H [@] H [@]

The obtained mass (2 g, 15.26 mmol) was subjected to
hydrolize in the presence of lithium hydroxide (2.0 M) solu-
tion in aqueous tetrahydrofuran. After completion of the reac-
tion (as per TLC), the whole mass was acidify with 1N HCl
(15 mL) to bring P?=1 and then diluted with ethy] acetate (50
ml) and washed with water (50 mL). The aqueous layer was
back extracted with ethyl acetate (3x40 mL). The combined
organic layer was dried over Na,SO, and concentrated under
reduced pressure and the obtained mass was washed with
hexanes/ether (1/1) to give white solid which was used for

next reaction without further purification.
(€]
EDCI
OMe 0
— NH; %
2
HO ~
(6]
(€]
OMe
(€]
&
J— N ~
H
(6]

Methyl 16-aminohexadec-11(Z)-enoate (180 mg, 0.64
mmol) was condensed with 2-(methylamino)-2-oxoacetic
acid (mg, 0.77 mmol) as described above to give methyl
16-(2-(methylamino)-2-oxoacetamido)hexadec-11(Z)-
enoate (160 mg, 68%) as a white solid. TLC: 100% EtOAc,
R~0.4; "H NMR (CDCls, 300 MHz) § 7.45 (br's, 1H), 5.26-
5.42 (m, 2H), 3.66 (s, 3H), 3.27-3.35 (m, 2H), 2.90 (d, 3H,
J=5.2 Hz), 2.30 (1, 2H, J=7.3 Hz), 1.96-2.08 (m, 4H), 1.24-
1.66 (m, 18H); '>*C NMR (CDCl,, 75 MHz) 8 174.60, 160.81,
159.94, 130.87, 129.08, 51.68, 39.79, 34.33, 29.91, 29.68,
29.63,29.50,29.46,29.36,29.02,27.46,27.08,26.91, 26.40,
25.17.

13)

OMe
[0} LiOH
—_—

ZIT

~

Tz

w
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-continued

OH

s

~

Tz

¢}

Methyl 16-(2-(methylamino)-2-oxoacetamido)hexadec-
11(Z)-enoate (150 mg, 0.40 mmol) was hydrolyzed using
LiOH as described above to afford 16-(2-(methylamino)-2-
oxoacetamido)hexadec-11(Z)-enoic acid (126 mg, 89%) as a
white powder. M.P.: 110.2-110.6° C. TLC: 5% MeOH/
CH,Cl,, R~0.4; 'H NMR (CDCl,, 300 MHz) 5 7.80 (br s,
1H), 7.66 (br s, 1H), 5.26-5.42 (m, 2H), 3.28-3.35 (m, 2H),
2.90 (s, 3H), 2.36 (t, 2H, J=7.3 Hz), 1.97-2.08 (m, 4H),
1.51-1.64 (m, 4H), 1.22-1.42 (m, 14H); '*CNMR (CDCl,, 75
MHz) & 177.98, 160.96, 159.93, 130.83, 129.22, 39.91,
33.91,29.58,29.25,29.12,29.01, 28.95,27.21, 27.09, 26.93,
26.46, 24.89.

[0}
OH
o) NaHCO;
_—
X
N N ~
H
[0}
[0}
ONa
[0}
N
N ~
H
e}

16-(2-(Methylamino)-2-oxoacetamido)hexadec-11(Z)-

enoic acid (30 mg) was dissolved in deionized water (30 mL)
and NaHCO; (2 g., 10 equiv) was added with stirring. After 1
h at room temperature, pre-washed Bio-Rad® Bio-Beads
(SM-2, 20-50 mesh, 15 g) were added. After gently stirring
for 1 h, the beads were collected on a sintered glass funnel and
washed with water (150 mL), and then the salt was stripped
from the beads by washing with 99% ethanol (200 mL). The
ethanol washings were concentrated under reduced pressure
to give sodium 16-(2-(Methylamino)-2-oxoacetamido))hexa-
dec-11(Z)-enoate as a white amorphous solid. 'H NMR
(CD,0D, 300 MHz) § 7.52-7.64 (m, 2H), 5.27-5.38 (m, 2H),
3.27 (t, 2H, J=7.4 Hz), 2.82 (s, 3H), 2.25 (t, 2H, J=7.5 Hz),
1.97-2.05 (m, 4H), 1.52-1.65 (m, 4H), 1.20-1.41 (m, 14H);

EXAMPLE 9

Synthesis of
16-(N-Isopropylbutyramido)hexadec-11(Z)-enoic

acid (15)
(€]
Ph;P
OMe L >
— OH
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-continued

OMe

Triphenylphosphine (730 mg, 2.78 mmol) and imidazole
(190 mg, 2.78 mmol) were added to a 0° C. solution of methyl
16-hydroxyhexadec-11(Z)-enoate (660 mg, 2.32 mmol) in
dry THF (50 mL) under an argon atmosphere. After 10 min,
solid iodine (700 mg, 1.2 equiv) was added portionwise. After
stirring at room temperature for 3 h, the reaction mixture was
quenched with sat. aq. sodium bisulfite solution (10 mL).
After an additional 1 h, the solution was washed with water
(2x30 mL), concentrated under reduced pressure, and the
residue was purified by flash column chromatography using
10% EtOAc/hexanes as eluent to give methyl 16-iodohexa-
dec-11(Z)-enoate (505 mg, 76%). TLC: 10% EtOAc/hex-
anes, R~0.55; 'H NMR (CDCl,, 300 MHz) § 5.28-5.42 (m,
2H), 3.66 (s, 3H), 3.18 (t, J=7.0 Hz, 2H), 2.30 (t, J=7.6 Hz,
2H), 1.98-2.08 (m, 4H), 1.24-1.85 (m, 18H).

iPrNIH,
OMe >

OMe

NH

PN

Isopropylamine (220 mg, 3.8 mmol) was added to a solu-
tion of methyl 16-iodohexadec-11(Z)-enoate (300 mg, 0.76
mmol) from above and potassium carbonate (320 mg) in THF
(20 mL) under an argon atmosphere in a sealed tube. After
heating at 90° C. for h, the reaction mixture was cooled to
room temperature, diluted with EtOAc (50 mL), washed with
water (20 mL), dried, and concentrated under high vacuum
for 5 h. The crude methyl 16-(N-isopropylamino) hexadec-
11(Z)-enoate was used in the next reaction without further
purification. TLC: 20% MeOH/CH,C1,, R~0.20; 'H NMR
(CDCl;, 300 MHz) d 5.28-5.40 (m, 2H), 3.66 (s, 3H), 2.72-
2.84 (m, 1H), 2.58 (t, I=7.2 Hz, 2H), 2.29 (t, J=7.6 Hz, 2H),
1.98-2.08 (m, 4H), 1.22-1.62 (m, 18H), 1.05 (d, 6H, J=6.4
Hz).

0 o

OMe HO)]\/\

EDCI

NH

A
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-continued

10

Methyl 16-(N-isopropylamino)hexadec-11(Z)-enoate
(400 mg, 1.2 mmol) was acylated with n-butyric acid (130
mg, 1.47 mmol) as described above to give methyl 16-(N-
isopropylbutyramido)hexadec-11(Z)-enoate (348 mg, 74%).
TLC: 50% EtOAc/hexanes, R ~0.30; "H NMR (CDCl,, 300
MHz, rotamers) 0 5.28-5.42 (m, 2H), 4.61-4.67 and 3.99-4.10
(m, 1H for two rotamers 60/40 ratio), 3.66 (s, 3H), 3.06-3.16
(m, 2H), 2.21-2.36 (m, 4H), 1.95-2.10 (m, 4H), 1.20-1.72 (m,
20H), 1.17 and 1.12 (d, J=6.6 Hz, 3H for two rotamers in
60/40 ratio), 0.96 and 0.95 (1, 3H, J=7.3 Hz for two rotamers
in 60/40 ratio).

15

20

(15)
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40
Methyl 16-(N-isopropylbutyramido)hexadec-11(Z)-

enoate (320 mg, 0.81 mmol) was hydrolyzed as described
above to give 16-(N-isopropylbutyramido)hexadec-11(Z)-
enoic acid (254 mg, 83%) as a thick, colorless oil. TLC: 75%
EtOAc/hexanes, R ~0.40; 'H NMR (CDCl,, 300 MHz, rota-
mers) d 5.26-5.41 (m, 2H), 4.63-4.69 and 4.00-4.10 (m, 1H
for two rotamers in 60/40 ratio), 3.06-3.17 (m, 2H), 2.22-2.37
(m, 4H), 1.98-2.12 (m, 4H), 1.50-1.72 (m, 4H), 1.22-1.40 (m,
16H), 1.18 and 1.12 (d, J=7.0 Hz, 6H for two rotamers in
60/40 ratio), 0.96 and 0.95 (1, J=7.3 Hz, 3H for two rotamers
in 60/40 ratio); *C NMR (CDCl,, 75 MHz, rotamers) d
179.07, 178.95, 173.42, 172.89, 131.03, 130.35, 129.70,
128.99, 48.51, 45.70, 43.58, 41.22, 35.98, 35.83, 34.37,
31.20, 29.90,29.86,29.67,29.61,29.53,29.48, 29.39, 28.37,
29.28,27.84,27.50,27.46,27.35,27.19,26.90, 25.00, 21.54,
20.75, 19.35, 19.22, 14.23; MS: m/z 380 (M-H)*.

45

50

55
EXAMPLE 10
Synthesis of Methyl 16-(3-ethyl-1,3-dimethylureido)

hexadec-11(Z)-enoic Acid (16)
60

e}

MeNTH,
OMe *
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-continued

OMe

NHMe

Methylamine (1 mL of a 1.0 M THF soln, 33 mg) was
added to a solution of methyl 16-iodohexadec-11(Z)-enoate
(300 mg, 0.76 mmol) from above and potassium carbonate
(320 mg, 2.28 mmol, 3 equiv) in THF (20 mL) under an argon
atmosphere in a sealed tube. After heating at 90° C. for 12 h,
the reaction mixture was cooled to room temperature, diluted
with EtOAc (50 mL), washed with water (20 mL), dried, and
concentrated under high vacuum for 5 h. The crude methyl
16-(methylamino)hexadec-11(Z)-enoate was used in the next
reaction without further purification. TLC: 10% MeOH/
CH,Cl,,R ~0.2; "HNMR (CDCl;, 300 MHz) 8 5.28-5.40 (m,
2H), 3.66 (s, 3H), 2.56 (t, J=6.8 Hz, 2H), 2.42 (s, 3H), 2.29 (1,
J=7.6 Hz, 2H), 1.96-2.06 (m, 4H), 1.24-1.64 (m, 18H).

Me
o ci Il\IH
DN
0
O,N
l\l/Ie
0 N
\ﬂ/ ~
0
O,N

Triethylamine (12.84 g, 127.11 mmol) and p-nitrophenyl
chloroformate (63.56 mmol, 12.8 g) were added to a room
temperature solution of N-ethylmethylamine (2.50 g, 42.37
mmol) in dry DMF (70 mL) under an argon atmosphere. After
2 h, the reaction mixture was quenched with water, diluted
with EtOAc (200 mL), washed with water (2x100 mL), and
brine (75 mL). All volatiles were removed under reduced
pressure and the residue was purified by SiO, column chro-
matography using 10% EtOAc/hexanes to afford compound
4-nitrophenyl ethyl(methyl)carbamate (5.8 g, 76%) as a yel-
low oil. TLC: 20% EtOAc/hexanes, R~0.50; 'H NMR
(CDCl;, 300 MHz) 6 8.18-8.21 (m, 2H), 7.25-7.29 (m, 2H),
3.37-3.46 (m, 2H), 3.05 and 2.97 (s, 3H for two rotamers in
60/40 ratio), 1.17-1.22 (m, 3H).

OMe
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A solution of crude methyl 16-(methylamino)hexadec-11
(Z)-enoate from above (150 mg, 0.51 mmol) in anhydrous
acetonitrile (20 mL) was added to a mixture of p-nitrophenyl
chloroformate (130 mg, 0.72 mmol) and K,CO; (230 mg, 1.5
mmol.) in dry acetonitrile (20 ml.) at room temperature. After
heating under reflux for 36 h, the solvent was removed under
reduced pressure and the residue was diluted with water (30
ml) and then extracted into EtOAc (2x30 mL). The com-
bined organic extracts were dried over Na,SO, and concen-
trated under reduced pressure. The residue was purified by
Si0, column chromatography using 15% EtOAc/hexanes as
eluent to afford methyl 16-(3-ethyl-1,3-dimethylureido)
hexadec-11(Z)-enoate (65 mg, 34%) as a colorless oil. TLC:
40% EtOAc/hexanes, R ~0.40; ‘H NMR (CDCl,, 300 MHz)
8 5.27-5.40 (m, 2H), 3.66 (s, 3H), 3.10-3.18 (m, 4H), 2.77 (s,
3H), 2.75 (s, 3H), 2.29 (t, ]=7.2 Hz, 2H), 1.97-2.05 (m, 4H),
1.50-1.68 (m, 4H), 1.20-1.42 (m, 14H), 1.12 (t, J=6.9 Hz,
3H).

(16)

(¢]
OM
JOI\ ¢ LiOH
Me Me
(¢]
o OH
Me Me

Methyl 16-(3-ethyl-1,3-dimethylureido)hexadec-11(Z)-
enoate (30 mg, 0.08 mmol) was hydrolyzed as described
above to give 16-(3-ethyl-1,3-dimethylureido)hexadec-11
(Z)-enoic acid (15 mg, 75%) as colorless oil. TLC: 50%
BEtOAc/hexanes, R ~0.30; 'H NMR (CDCl,, 400 MHz) 8
5.33-5.41 (m, 2H), 3.12-3.19 (m, 4H), 2.79 (s, 3H), 2.76 (s,
3H), 2.31-2.38 (m, 2H), 1.98-2.06 (m, 4H), 1.20-1.68 (m,
18H), 1.13 (t, J=6.9 Hz, 3H); 1*C NMR (CDCl,, 75 MHz) &
177.52,166.83, 130.61, 129.567, 51.58, 45.38, 37.91,36.93,
34.12,29.74,29.67,28.72,28.42,27.43,26.68, 24.99, 22.64,
15.34.

K»CO;

NH

Me
|
O N\/
oo
O,N

o OMe

N)J\N/\

Me Me
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EXAMPLE 11

Synthesis of Sodium 17-0x0-17-(propylamino)hepta-
dec-11(Z)-enoate (14)

oo

Jones oxidation of methyl 16-hydroxyhexadec-11(Z)-
enoate (2.0 g, 7.04 mmol) as described above gave 16-meth-
oxy-16-oxohexadec-5(Z)-enoic acid (1.72 g, 83%) as a col-
orless oil. TLC: 40% EtOAc/hexanes, R ~0.40; 'H NMR
(CDCl,, 300 MHz) 8 5.27-5.45 (m, 2H), 3.66 (s, 3H), 2.36 (t,
2H, J=7.7 Hz), 2.30 (t, 2 H, J=7.4 Hz), 1.98-2.12 (m, 4H),
1.57-1.72 (m, 4H), 1.20-1.41 (m, 12H).

Czﬁ

Triethylamine (122 mg, 1.18 mmol) and ethyl chlorofor-
mate (130 mg, 1.13 mmol) were added to a -15° C. solution
of 16-methoxy-16-oxohexadec-5(Z)-enoic acid (300 mg,
1.06 mmol) in dry THF (50 mL) under an argon atmosphere.
After 15 min, the reaction mixture was warmed to =5° C. and
an ethereal solution of diazomethane was added slowly until
the yellow color of diazomethane persisted for 15 min. After-
wards, the reaction mixture was stirred at room temperature
for an additional 3 h, then the excess diazomethane was
evaporated under a stream of argon. The reaction solution was
washed with sat. aq. NaHCO; (50 mL), sat. aq. NH,Cl (50
mL), brine (50 mL), dried over Na,SO,, and concentrated
under reduced pressure. The residue was rapidly purified by
Si0, column chromatography using 20% EtOAc/hexanes as
eluent to give methyl 17-diazo-16-oxoheptadec-11(Z)-
enoate (180 mg, 55%) as a light yellow oil that was used
immediately in the next step. TLC: 40% EtOAc/hexanes,
R~0.40; "H NMR (C¢Ds, 300 MHz) & 5.25-5.48 (m, 2H),
4.13 (s, 1H), 3.32 (s, 3H), 2.07 (t, 2H, I=7.4 Hz), 1.85-2.04
(m, 6H), 1.44-1.61 (m, 4H), 1.15-1.38 (m, 12H). Lit. ref.: J.
Cesar; M. S. Dolenc Tetrahedron Lett. 2001: 42, 7099.

A solution of silver benzoate (5 mg, 10 mol %) in triethy-
lamine (68 mg, 100 pl, 0.66 mmol) was added to a -25° C.
solution of methyl 17-diazo-16-oxoheptadec-11(Z)-enoate
(70 mg, 0.22 mmol) and n-propylamine (40 mg, 10 equiv) in
dry THF (20 mL) under an argon atmosphere with exclusion

Jones
oxid

(1) EtOC(0)Cl;
CH,N,

—_—

(2) AgO,CPh,
n-PrNH,
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of light. The reaction mixture was warmed to room tempera-
ture over 3 h, diluted with ether (10 mL), quenched with 0.2
N HCI (5 mL), washed with brine (30 mL), sat. aq. NaHCO,
(10 mL), dried over Na,SO,, and concentrated under reduced
pressure. The residue was purified by SiO, column chroma-
tography using 20% EtOAc/hexanes as eluent to give methyl
17-0x0-17-(propylamino) heptadec-11(Z)-enoate (49 mg,
64%) as a pale yellow oil. TLC: 30% EtOAc/hexanes,
R~0.40; '"H NMR (CDCl,, 300 MHz) & 5.47 (br s, 1H),
5.27-5.40 (m, 2H), 3.66 (s, 3H), 3.17-3.24 (m, 2H), 2.29 (t,
2H, J=7.1 Hz), 2.16 (t, 2H, J=7.1 Hz), 1.96-2.07 (m, 4H),
1.24-1.67 (m, 20H), 0.91 (t, 3H, J=7.3 Hz); '*C NMR
(CDCl,, 75 MHz) 8 174.62, 173.22, 130.59, 129.41, 51.68,
41.40,37.05,34.33,29.93,29.67,29.63,29.48, 29.36,27.44,
27.16, 25.73, 25.17, 23.14, 11.60. Lit. ref.: J. Podlech; D.
Seebach Angew. Chem., Int. Ed. 1995: 34, 471.

ONa
H
— BII\/\
(@]

Methyl 17-ox0-17-(propylamino)heptadec-11(Z)-enoate
(48 mg, 0.14 mmol) was converted to its sodium salt as
described above to give sodium 17-ox0-17-(propylamino)
heptadec-11(Z)-enoate as a white solid. M.P.: 84.8-85.2° C.
TLC (free acid): 75% EtOAc/hexanes, R ~0.30; 'HNMR for
sodium salt (CD,0D, 300 MHz) 8 5.30-5.42 (m, 2H), 3.16 (1,
2H, I=7.0 Hz), 2.00-2.22 (m, 8H), 1.22-1.68 (m, 20H), 0.93
(t, 3H, J=7.2 Hz); *C NMR for sodium salt (CD,0D, 75
MH?z) 6 180.33, 174.88, 130.08, 129.22,39.07, 37.88, 36.80,
29.70,29.53,29.49,29.45,29.21, 28.90, 27.02, 26.96, 26.68,
26.12,19.32, 12.88.

(1) LiOH
—_—

(2) NaHCOg3;
Bio-beads

EXAMPLE 12

Synthesis of 16-(Butylamino)-16-oxohexadec-11(Z)-
enoic acid (24)

w

16-Methoxy-16-oxohexadec-5(Z)-enoic acid (230 mg,
0.77 mmol) was condensed with n-butylamine (70 mg, 1.08

n-BuNH,
—_—
EDCI
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mmol) using EDCI as described to give methyl 16-(buty-
lamino)-16-oxohexadec-11(Z)-enoate (185 mg, 68%) as a
colorless oil. TLC: 50% EtOAc/hexanes, R ~0.40; 'H NMR
(CDCl;, 300 MHz) 8 5.26-5.42 (m, 2H), 3.66 (s, 3H), 3.21-
3.29 (m, 2H), 2.30 (t, 2H, J=7.2 Hz), 2.16 (t, 2H, J=7.1 Hz),
1.97-2.08 (m, 4H), 1.55-1.74 (m, 4H), 1.24-1.54 (m, 14H),
0.92 (t, 3H, J=7.3 Hz); ">C NMR (CDCl;, 75 MHz) 8 174.60,
173.1, 131.18, 128.83, 51.67, 39.42, 36.44, 34.32, 31.98,
29.91, 29.66,29.60, 29.49,29.45,29.34,27.47,26.87, 25.95,
25.15, 20.30, 13.98.

(24
O
OMe
o LiOH
—_—
H
(@]
OH
(@]
II\I/\/\
H

Methyl  16-(butylamino)-16-oxohexadec-11(Z)-enoate
(150 mg, 0.44 mmol) was hydrolyzed to give 16-(buty-
lamino)-16-oxohexadec-11(Z)-enoic acid (114 mg, 82%) as
a white solid. M.P.: 78.2-78.8° C. TLC: 75% EtOAc/hexanes,
R~0.3; "H NMR (CDCls, 300 MHz) § 5.81 (br's, 1H), 5.24-
5.40 (m, 2H), 3.18-3.24 (m, 2H), 2.30 (t, 2H, J=7.3 Hz), 2.16
(t, 2H, J=7.2 Hz), 1.93-2.06 (m, 4H), 1.19-1.70 (m, 20H),
0.88 (1, 3H, J=7.4 Hz); ">*C NMR (CDCl,, 75 MHz) § 178.98,
173.78, 131.19, 128.74, 39.54, 36.36, 34.37, 31.84, 29.84,
29.56,29.53,29.40, 29.38,29.22,27.42,26.85,25.99, 24.98,
20.26, 13.96.

EXAMPLE 13

Synthesis of 2-(2-(2-Hydroxyethoxy)ethoxy )ethyl
16-(3-ethylureido)hexadec-11(Z)-enoate (18)

OH
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Triethyleneglycol (42 mg, 0.29 mmol; dried over molecu-
lar sieves) was added to a solution of 16-(3-ethyl-1,3-dim-
ethylureido)hexadec-11(Z)-enoic acid (10 mg, 0.029 mmol)
and N,N-dimethylaminopyridine (DMAP, 4.2 mg, 0.034
mmol) in anhydrous DMF (3 mL) under an argon atmosphere
at room temperature. After 3 min, solid EDCI (6.4 mg, 0.034
mmol) was added. After 12 h, the reaction mixture was
diluted with EtOAc (10 mL), washed with water (5 mL), and
concentrated in vacuo. The residue was purified by SiO,
column chromatography using EtOAc to give 2-(2-(2-Hy-
droxyethoxy)ethoxy)ethyl  16-(3-ethylureido)hexadec-11
(Z)-enoate (11 mg, 85%) as a viscous, colorless oil. TLC:
100% EtOAc, R ~0.20; 'H NMR (CDCl,, 300 MHz) 6 5.27-
5.42 (m,2H),4.34 (brs, 1H),4.23 (t,2H, J=5.8 Hz), 3.59-3.74
(m, 10H), 3.12-3.24 (m, 4H), 2.46 (br s, 1H), 2.33 (t, 2H,
J=7.3 Hz), 1.96-2.07 (m, 4H), 1.22-1.64 (m, 18H), 1.13 (t,
3H,J=7.3 Hz); ">*C NMR (CDCl,, 75 MHz) § 174.21, 158.42,
130.66, 129.44, 72.70, 70.79, 70.57, 69.44, 63.46, 61.98,
40.74,35.59,34.40,30.11,29.88,29.63,29.60, 29.44,29.42,
29.31, 27.41, 27.22, 27.08, 25.10, 15.73.

EXAMPLE 14

Synthesis of Sodium (Z)-2-(16-(3-Ethylureido)hexa-
dec-11-enamido)acetate (17)

an
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16-(3-Ethyl-1,3-dimethylureido)hexadec-11(Z)-enoic
acid (50 mg, 0.15 mmol) was condensed with glycine methyl

0

N
|
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(18)
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ester (96 mg, 0.38 mmol) as described above to give methyl
2-(16-(3-ethylureido)hexadec-11(Z)-enamido)acetate (51
mg, 84%) as a colorless oil. TLC: 75% EtOAc/hexanes,
R~0.50; '"H NMR (CDCl,, 300 MHz) & 6.28 (br s, 1H),
5.26-5.42 (m, 2H), 4.89 (br s, 1H), 4.03 (d, 2H, J=5.2 Hz),
3.10-3.22 (m, 4H), 2.24 (t, 2H, J=7.1 Hz), 1.96-2.08 (m, 4H),
1.22-1.67 (m, 18H), 1.12 (t, 3H, J=7.3 Hz); '*C NMR
(CDCl,, 75 MHz) 6 173.84, 170.86, 158.68, 130.61, 129.50,
52.58,41.40,40.67,36.58,35.49,30.18,29.92,29.73,29.53,
29.46,29.41, 29.22, 27.28, 27.25, 27.10, 25.78, 15.73.

(1) LioH

D ——_—
(2) NaHCO3
Bio-beads

Methyl 2-(16-(3-ethylureido)hexadec-11(Z)-enamido)ac-
etate was hydrolyzed as described above to give sodium
2-(16-(3-ethylureido)hexadec-11(Z)-enamido)acetate as a
white solid. M.P.: 152.4-152.8° C. '"H NMR (CD,0D, 300
MHz) § 7.57-7.65 (m, 1H), 5.32-5.42 (m, 2H), 3.73 (s, 2H),
3.07-3.18 (m, 4H), 2.36 (t, 2H, J=7.3 Hz), 1.98-2.09 (m, 4H),
1.22-1.65 (m, 18H), 1.08 (t, 3H, J=7.1 Hz); '*C NMR
(CDCl,, 75 MHz) 6 175.41, 174.67,160.72, 129.98, 129.31,
43.32,39.70,35.98,34.58,29.83,29.66,29.42,29.31, 29.21,
29.14, 26.96, 26.91, 26.72, 25.70, 14.66.

EXAMPLE 15

Synthesis of 16-[(1S,2R)-3-Ethyl-oxiranyl |hexadec-
11(Z)-enoic acid (10)

(1) n-BuLi

OTHP

/\/\/ Br
TBDPSO (2) PTSA
TBDPSO\/\/%\

OH

2-(Prop-2-ynyloxy )tetrahydro-2H-pyran (5.6 g, 36.36
mmol) was alkylated with (4-bromobutoxy)(tert-butyl)
diphenylsilane (18.5 g, 47.2 mmol) as described above to give
tert-butyldiphenyl(7-(tetrahydro-2H-pyran-2-yloxy )hept-5-
ynyloxy)silane (10.64 g, 65%) and used after extractive iso-
lation without further purification. TLC: 10% EtOAc/hex-
anes, R~0.5.

Removal of the THP ether from tert-butyldiphenyl(7-(tet-
rahydro-2H-pyran-2-yloxy)hept-5-ynyloxy)silane (10 g,
22.22 mmol) as described above furnished 7-(tert-butyl-
diphenylsilyloxy)hept-2-yn-1-ol (7.15 g, 88%) as a colorless
oil. TLC: 30% EtOAc/hexanes, R ~0.40; 'H NMR (CDCl,,
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300 MHz) 8 7.65-7.67 (m, 4H), 7.33-7.42 (m, 6H), 4.22-4.26
(m, 2H), 3.64 (1, 2H, J=6.4 Hz), 2.12-2.16 (m, 2H), 1.40-1.46
(m, 4H), 1.03 (s, 9H).

P-2 Ni
H

TBDPSO.

\

OH

TBDPSO\/\/\_/\
— OH

Semi-hydrogenation of 7-(tert-butyldiphenylsilyloxy)
hept-2-yn-1-0l (7.4 g, 20.22 mmol) as described above fur-
nished 7-(tert-butyldiphenylsilyloxy)hept-2(Z)-en-1-0l (7.3
g, 98%) as a colorless oil. TLC: 30% EtOAc/hexanes, R ~0.5;
'H NMR (CDCl;, 400 MHz) § 7.65-7.69 (m, 4H), 7.40-7.44
(m, 6H), 5.44-5.64 (m, 2H), 4.16 (d, 2H, J=6.1 Hz), 3.65 (t,
2H, J=6.1 Hz), 2.03-2.10 (m, 2H), 1.42-1.60 (m, 4H), 1.04 (s,
9H).

Ti(OiPr),
(-)-DET

— o ———
TDP0” N N N BuOOH

6}

§2
S 2
s 3

TBDPSO

(-)-Diethyl tartrate (570 mg, DET) and titanium tetra(iso-
propoxide) (775 mg) were added sequentially to a stirring,
—20° C. suspension of activated, powdered type 4 A molecu-
lar sieves (2 g) in dry CH,Cl, (50 mL) under an argon atmo-
sphere. After 30 min, a solution of 7-(tert-butyldiphenylsily-
loxy)hept-2(Z)-en-1-ol in (5 g, 13.58 mmol) dry CH,Cl, (20
ml) was added slowly and the resulting mixture was stirred
for 2 h at the same temperature. tert-butyl hydroperoxide (2.5
g, 5.1 mL. of a 5.5 M solution in decane; TBHP) was added
very slowly. After stirring at —=20° C. for 2 d, water (2 m[.) was
added and the mixture was allowed to stir at 0° C. for 1 h. A
solution of 1 M aq. NaOH (5 mL)) was added and stirred for 30
min. The reaction mixture was then washed with water (100
mL) and concentrated under reduced pressure. Purification of
the residue by SiO, column chromotography using 10%
EtOAc/hexanes as eluent gave ((2R,3S)-3-(4-(tert-butyl-
diphenylsilyloxy)butyl)oxiran-2-yl)methanol (3.23 g, 62%)
as a colorless oil. Chiral HPLC analysis as described above
revealed the sample was 60% ee. TLC: 30% EtOAc/hexanes,
R~0.4; '"H NMR (CDCl,, 400 MHz) 8 7.64-7.68 (m, 4H),
7.35-7.44 (m, 6H), 3.79-3.88 (m, 1H), 3.61-3.69 (m, 3H),
3.12-3.17 (m, 1H), 2.98-3.04 (m, 1H), 1.53-1.65 (m, 4H),
1.03 (s, 9H). Lit. ref.: T. Katsuki; K. B. Sharpless J. Am.
Chem. Soc. 1980: 102, 5974.
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(COCI),
DMSO

maprso” TN Neno

Dry DMSO (114 mg, 0.4 mmol) was added dropwise to a
stirring, —80° C. solution of oxalyl chloride (110 mg, 0.3
mmol) in dry CH,Cl, (10 mL) under an argon atmosphere.
After 20 min, a solution of ((2R,35)-3-(4-(tert-butyldiphenyl-
silyloxy)butyl)oxiran-2-yl)methanol (200 mg, 0.1 mmol) in
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dry CH,Cl, (50 mL) was added slowly. After 45 min, triethy-
lamine (200 mg, 0.5 mmol) was added and the reaction mix-
ture was warmed to 0° C. After 0.5 h, the reaction mixture was
quenched with water (50 mL). The aqueous layer was sepa-
rated and back-extracted with CH,Cl, (2x10 mL). The com-
bined organic extracts were washed with water, brine, and
dried over anhydrous Na,SO,, and evaporated in vacuo. The
residue was purified via SiO, column chromatography using
5% EtOAc/hexanes to give (25,3S)-3-[4-(tert-butyldiphenyl-

silanyloxy)-butyl]-oxirane-2-carbaldehyde. The crude alde-
hyde was used for the next reaction without further purifica-
tion.
o)
Y NaHIMDS
s %
1B0ps0” " " NCHO  phypCH3”. Br
o
morso” NN N

Sodium bis(trimethylsilyl)amide (2.4 g, 13.08 mmol, 13.1
ml, 1.0 M in THF) was added to a stirring, 0° C. solution of
methyl triphenylphosphonium bromide (4.68 g, 13.08 mmol)
in dry THF (10 mL). After 30 min, the reaction mixture was
cooled to —50° C. and a solution of (2S,35)-3-[4-(tert-butyl-
diphenylsilanyloxy)-butyl]-oxirane-2-carbaldehyde (2.5 g,
6.55 mmol) in THF (10 mL) was added over 5 min. The
solution was warmed to room temperature over 1 h. After an
additional 2 h at room temperature, the reaction mixture was
quenched with water (30 mL) and extracted with ether (3x60
mL). The combined ethereal extracts were washed with water
(2x100 mL), dried over anhydrous Na,SO,, and concentrated
in vacuo. The residue was purified by SiO, column chroma-
tography using 5% EtOAc/hexanes to give (3R,4S)-tert-bu-
tyldiphenyl-[4-(3-vinyl-oxiranyl)-butoxy]-silane (1.84 g,
76%) as a colorless oil. TLC: 30% EtOAc/hexanes, R ~0.4;
'"HNMR (CDCl,, 400 MHz) § 7.65-7.69 (m, 4H), 7.35-7.44
(m, 6H), 5.64-5.76 (m, 1H), 5.32-5.50 (m, 2H), 3.67 (1, 2H,
J=7.06 Hz), 3.38-3.42 (m, 1H), 3.02-3.11 (m, 1H), 1.44-1.68

(m, 4H), 1.05 (s, 9H).
O
$ n-BuyNF
S
TBDPSO/\/\/V
o
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Desilylation of (3R,4S)-tert-butyldiphenyl-[4-(3-vinyl-
oxiranyl)-butoxy]-silane as described above gave (3R,45)-4-
(3-vinyl-oxiranyl)-butan-1-o0l (92%) as a colorless oil. TLC:
40% EtOAc/hexanes, R ~0.5; 'HNMR (CDCl,, 400 MHz) 5
5.65-5.77 (m, 1H), 5.33-5.50 (m, 2H), 3.65 (t, 2H, J=6.1 Hz),
3.38-3.43 (m, 1H), 3.06-3.11 (m, 1H), 1.44-1.66 (m, 6H).

)
53 H,NNH,
2 A
o NN N awso,
0,
o
HO W

4(S)-(3(R)-Vinyloxiranyl)-butan-1-ol was reduced with in
situ generated diimide as described above to give 4(S)-[3(R)-
ethyloxiranyl|butan-1-ol (92%) as a colorless oil. TLC: 40%
EtOAc/hexanes, R ~0.5; 'HNMR (CDCl,, 400 MHz) & 3.66
(t, 2H, J=6.1 Hz), 2.85-2.94 (m, 2H), 1.49-1.65 (m, 8H), 1.03
(t, J=7.2 Hz, 3H).

o
KA PhyP
—_—
HOW CBry
o
Br/\/\/w

Treatment of 4(S)-[3(R)-ethyloxiranyl|butan-1-0l with
Ph,P/CBr, as described above gave 2(S)-(4-bromobutyl)-3
(R)-ethyloxirane (64%) as a colorless oil. TLC: 10% EtOAc/
hexanes, R ~0.7.

<;\/_\/\/\OH

Jones

oxid

OH

Jones oxidation of dodec-10-yn-1-ol (2.5 g, 13.73 mmol)
as described above afforded dodec-1'-ynoic acid (2.3 g, 86%).
'H NMR (CDCls, 400 MHz) & 2.34 (t, 2H, J=7.0 Hz), 2.14-
2.21 (m, 2H), 1.93 (t, 1H, J=2.75 Hz), 1.21-1.64 (m, 22H).

O
(1) nBuLi
OH (2) o
Br/\/\/w
(3) CHaN,

OMe
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Alkylation of dodec-11-ynoic acid (580 mg) with 2(S)-(4-
bromobutyl)-3(R)-ethyloxirane (500 mg) as described above
furnished 16(S)-[3(R)-ethyloxiranyl]|-hexadec-11-ynoic acid
(64%) which was esterified with diazomethane to give methyl
16(S)-[3(R)-ethyloxiranyl]-hexadec-1'-ynoate as a colorless
oil. TLC: 10% EtOAc/hexanes, R =0.5; 'H NMR (CDCl,,
400 MHz) 83.66 (s, 3H), 2.82-2.88 (m, 2H), 2.29 (t,2H,J=7.3
Hz), 2.10-2.17 (m, 4H), 1.28-1.63 (m, 22H), 1.03 (t, 3H,
J=7.1 Hz).

10

60
-continued
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Alkylation of 2-(prop-2-ynyloxy)tetrahydro-2H-pyran
(15.5 g, 110.71 mmol) with 1-bromododecane (34.0 g,
132.04 mmol) as described above gave 2-(pentadec-2-yny-
loxy)tetrahydro-2H-pyran (27.2 g, 80%) which was used
without further purification. TLC: 10% EtOAc/hexanes,
R~0.5.

Cleavage of the THP ether from crude 2-(pentadec-2-yny-
loxy)tetrahydro-2H-pyran (30 g) using PTSA as described
above gave pentadec-2-yn-1-ol (18.6 g, 85%) as a colorless
oil. TLC: 30% EtOAc/hexanes, R ~0.40; 'H NMR (CDCl,,
300 MHz) § 4.25 (s, 2H), 2.17-2.23 (m, 2H), 1.70 (br s, 1H),
1.40-1.53 (m, 2H), 1.20-1.48 (m, 18H), 0.87 (t, 3H, I=7.3
Hz).

NaH

/\/\/\/\/\/\%\/ on TN o~
N N N NN

O
OMe b Ni
—_—
—_ H
O
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Semi-hydrogenation of methyl 16(S)-[3(R)-ethyloxira-
nyl]-hexadec-11-ynoate as described above gave methyl
16(S)-[3(R)-ethyloxiranyl]-hexadec-11(Z)-enoate (96%) as
acolorless oil. TLC: 10% EtOAc/hexanes, R ~0.55; 'HNMR
(400 MHz, CDCl;) 8 5.31-5.36 (m, 2H), 3.64 (s, 3H), 2.84-
2.91 (m, 2H), 2.28 (t, 2 H, J=7.3 Hz), 1.96-2.06 (m, 4 H),
1.36-1.61 (m, 6 H), 1.21-1.35 (m, 16H), 1.03 (t, 3H, J=7.3
Hz).

OMe

Column: Chiracel OJ-H preparative.
Wavelength: 210 nm

Mobil phase: 99.97:0.03 (Hex/IPA)
Flow rate 8 mL/min.

1st. Fraction is: PN-I11-191-18. (Acid)
2nd fraction is: PN-I1I-192-13. (Acid)

EXAMPLE 16
Synthesis of 16-(3-Ethylureido)hexadec-14-enoic
Acid (21)

(1) nBuLi

PV VY
(2) PTSA
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Isomerization of pentadec-2-yn-1-ol (12.5 g, 54.95 mmol)
using NaH/ethylenediamine as described above furnished
pentadec-14-yn-1-0l (9.4 g, 76%) as a white solid. M.P.:
54.2-54.8° C. TLC: 30% EtOAc/hexanes, R ~0.45; 'H NMR
(400 MHz, CDCl,) § 3.60-3.65 (m, 2H), 2.16 (dt, 2H, J=7.1
Hz, 2.4 Hz), 1.92 (1, 1H, J=2.4 Hz), 1.47-1.60 (m, 4H), 1.22-
1.35 (m, 18H).

TBDPS—CI

A Y e e e
Y A N N N e OTBDPS

Silylation of pentadec-14-yn-1-ol (8.80 g, 39.28 mmol)
using TBDPSCI (12.92 g, 47.14 mmol) as described above
gave tert-butyl(pentadec-14-ynyloxy)diphenylsilane (16.7 g,
87%) as a colorless oil. TLC: 6% EtOAc/hexanes, R ~0.6; 'H
NMR (CDCl;, 300 MHz) 8 7.65-7.68 (m, 4H), 7.34-7.42 (m,
6H), 3.65 (t,J=7.3 Hz, 2H), 2.15-2.21 (m, 2H), 1.94 (1, J=1.9
Hz, 1H), 1.20-1.60 (m, 22H), 1.04 (s, 9H).

<X\/\/\OTBDPS
<n\/\oTBDPS
— OH

nBuLi
(HCHO),

n-Buli (2.5 M solution in hexanes, 1.29 g, 8 mL, 20.24
mmol) was added to a stirring, —40° C. solution of tert-butyl
(pentadec-14-ynyloxy)diphenylsilane (8.5 g, 18.40 mmol) in
THF (175 mL) under an argon atmosphere. After 30 min, the
reaction mixture was gradually warmed over 3 h to -10° C.,
held at this temperature for 20 min, then re-cooled to —50° C.
Then, a solution of paraformaldehyde (3.05 g, 92.2 mmol) in
THF (30 mL) was cannulated into the stirring reaction mix-
ture. After 30 min, the temperature was gradually warmed
over 3 h to room temperature. Following 1 h at room tem-
perature, the reaction mixture was quenched with sat. aq.
NH,CI (10 mL), diluted with ether (100 mL), and washed
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with water (2x75 mL). The combined aqueous washes were
back-extracted with ether (2x50 mL). The combined All of
the organic extracts were combined, dried over Na,SO,, and
concentrated under reduced pressure. The residue was puri-
fied by SiO, column chromatography using 5% EtOAc/hex-
anes as eluent to give 16-(tert-butyldiphenylsilyloxy)hexa-
dec-2-yn-1-0l (6.12 g, 68%). TLC: 30% EtOAc/hexanes,
R~0.5; '"H NMR (CDCl,, 300 MHz) 8 7.70-7.74 (m, 4H),
7.34-7.44 (m, 6H), 4.3 (t, 2H, J=2.1 Hz), 3.65 (t, 2H, J=7.3
Hz), 2.12-2.17 (m, 2H), 1.20-1.61 (m, 22H), 1.04 (s, 9H).

<X—/\W\/\OTBDPS L
— OH @
(0]
<x—/\j/\/\oTBDPS
— OTHP

16-(tert-Butyldiphenylsilyloxy)hexadec-2-yn-1-0l (6.0 g,
12.5 mmol) was converted to the corresponding THP ether as
described above to give tert-butyldiphenyl(16-(tetrahydro-
2H-pyran-2-yloxy)hexadec-14-ynyloxy)silane  (6.12 g,
87%). TLC: 10% EtOAc/hexanes, R ~0.5; "HNMR (CDCl,,
300 MHz) 9§ 7.70-7.73 (m, 4H), 7.35-7.43 (m, 6H), 4.82 (t,
1H, J=3.1 Hz), 4.16-4.32 (m, 2H), 3.80-3.88 (m, 1H), 3.64 (t,
2H, J=6.6 Hz), 3.50-3.56 (m, 1H), 2.17-2.23 (m, 2H), 1.22-
1.81 (m, 28H), 1.05 (s, 9H).

nBuyNF
OTBDPS ——
— OTHP
mo}[
— OTHP

Desilylation of tert-butyldiphenyl (16-(tetrahydro-2H-py-
ran-2-yloxy)hexadec-14-ynyloxy)silane (6.1 g, 10.6 mmol)
as described above furnished 16-(tetrahydro-2H-pyran-2-
yloxy)hexadec-14-yn-1-0l (3.26 g, 91%) as a colorless oil.
TLC: 40% BtOAc/hexanes, R ~0.4; 4.83 (1, 1H, J=3.0 Hz),
4.17-4.31 (m, 2H), 3.82-3.87 (m, 1H), 3.66 (t, 2H, J=7.2 Hz),
3.51-3.57 (m, 1H), 2.18-2.24 (m, 2H), 1.20-1.82 (m, 28H).

(1) RuClz
K550
OH 25,03
(2) PTSA/MeOH
— OTHP
0
OMe
— OH

RuCl; (10 mg) and potassium persulphate (2.8 g, 10.2
mmol) were added to a solution of 16-(tetrahydro-2H-pyran-
2-yloxy)hexadec-14-yn-1-ol (1.2 g, 3.55 mmol) in acetoni-
trile (20 mL). After 10 min, KOH (30 mL of a 2 M soln) was
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added. After an additional 3 h, the reaction mixture was
neutralized to pH 7, diluted with EtOAc (100 mL), and
washed with water (3x75 mL). The combined aqueous
extracts were back-extracted with EtOAc (3x75 mL). All of
the organic extracts were combined, dried over Na,SO,, and
concentrated under reduced pressure. The residue was puri-
fied by SiO, column chromotography using 20% EtOAc/
hexanes as eluent to give 16-(tetrahydro-2H-pyran-2-yloxy)
hexadec-14-ynoic acid (1.05 g, 91%) as a colorless oil that
was used without further purification. TLC: 50% EtOAc/
hexanes, R ~0.35. Lit. ref.: R. S. Varma; M. Hogan Tetrahe-
dron Lett. 1992: 33, 719.

Concomitant esterification of the carboxylic acid and
cleavage of the THP ether in 16-(tetrahydro-2H-pyran-2-
yloxy)hexadec-14-ynoic acid (1.0 g, 2.84 mmol) as described
above furnished methyl 16-hydroxyhexadec-14-ynoate (665
mg, 83%) as a colorless oil. TLC: 30% EtOAc/hexanes,
R~0.40; '"H NMR (CDCl,, 300 MHz) & 4.22-4.26 (m, 2H),
3.66(s,3H),2.29 (t,2H,J=7.3 Hz), 2.20 (tt, 2H, ]=2.1 Hz, 6.8
Hz), 1.21-1.66 (m, 20H).

OMe P-2 Ni

H

OH

OMe

OH

Semi-hydrogenation of methyl 16-hydroxyhexadec-14-
ynoate (650 mg, 2.30 mmol) as described above furnished
methyl 16-hydroxyhexadec-14(Z)-enoate (640 mg, 98%)as a
colorless oil. TLC: 30% EtOAc/hexanes, R ~0.45; 'H NMR
(CDCl;, 300 MHz) § 5.49-5.62 (m, 2H), 4.17-4.21 (m, 2H),
3.66 (s, 3H), 2.30 (1, 2H, J=7.6 Hz), 2.02-2.09 (m, 2H),
1.42-1.68 (m, 4H), 1.20-1.41 (m, 16H).

Ph;P/DIAD

¢ (PhO):P(O)N;

OH
(€]

OMe

N3

Conversion of methyl 16-hydroxyhexadec-14(Z)-enoate
(0.6 g, 2.11 mmol) to the corresponding azide as described
above gave methyl 16-azidohexadec-14(Z)-enoate (510 mg,
78%) as white solid. M.P.: 42.5-42.8° C. TLC: 10% EtOAc/
hexanes, R ~0.50; '"H NMR (CDCl,, 300 MHz) § 5.66-5.82
(m, 1H), 5.46-5.55 (m, 1H), 3.80 (d, 2 H, J=7.4 Hz), 3.66 (s,
3H), 2.30(t, 2H, J=7.3 Hz), 2.02-2.14 (m, 2H), 1.21-1.40 (m,
20H).



US 9,272,991 B2

63

O
A

Starting with methyl 16-azidohexadec-14(Z)-enoate (150
mg, 0.48 mmol), the azide was reduced using Ph,P and the
resultant amine reacted with ethyl isocyanate as described
above to give methyl 16-(3-ethylureido)hexadec-14(7)-
enoate (118 mg, 70% over two steps) as a white solid. M.P.:
63.4-63.6° C. TLC: 50% EtOAc/hexanes, R ~0.30; 'H NMR
(CDCl,, 300 MHz) 8 5.31-5.52 (m, 2H), 5.08-5.22 (br s, 2H),
3.76 (t, 2H, J=5.2 Hz), 3.63 (s, 3H), 3.15 (q, 2H, J=6.7 Hz),
2.27 (t, 2H, J=7.3 Hz), 1.95-2.04 (m, 2H), 1.54-1.64 (m, 2H),
1.18-1.38 (m, 18H), 1.07 (t, 3H, J=6.9 Hz); '*C NMR
(CDCl,, 75 MHz) § 174.69, 159.03, 132.91, 126.75, 51.67,
37.67,35.27,34.32,29.81,29.74,29.64, 29.50, 29.46, 29.34,
27.57,25.15, 15.76.

C:A*“

Hydrolysis of methyl 16-(3-ethylureido)hexadec-14(7)-
enoate as described above furnished 16-(3-ethylureido)hexa-
dec-14(Z)-enoic acid (92%) as a white solid. M.P.: 59-60° C.
TLC: 75% EtOAc/hexanes, R ~0.30; 'H NMR (CD,0D, 300
MHz) § 5.33-5.56 (m, 2H), 3.74 (d, 2H, J=6.3 Hz), 3.13 (q,
2H, J=7.0 Hz), 2.26 (t, 2H, J=7.2 Hz), 1.98-2.12 (m, 2H),
1.52-1.64 (m, 2H), 1.18-1.38 (m, 18H), 1.06 (t, 3H, J=7.0
Hz); *C NMR (CD,0D, 75 MHz) 8 176.69, 159.94, 132.31,
126.57, 36.98, 34.70, 33.96, 29.63, 29.61, 29.54, 29.50,
29.34,29.26, 29.15, 27.20, 24.98, 14.52.

() PhsP/H0
ENCO

@n

LiOH

—_—

EXAMPLE 17

Synthesis of 16-Butyramidohexadec-14(Z)-enoic

acid (22)
(6]
EDCI
OMe —MmM@@M@M8m™
(€]
e
HO
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Crude methyl 16-aminohexadec-14(Z)-enoate (crude 150
mg) was condensed with n-butyric acid (48 mg, 0.55 mmol)
as described above to give methyl 16-butyramidohexadec-14
(Z)-enoate (100 mg, 71%) as a colorless oil. TLC: 50%
BEtOAc/hexanes, R ~0.40; 'H NMR (CDCl,, 300 MHz)
5.28-5.64 (m, 2H), 3.78-3.90 (m, 2H), 3.65 (s, 3H), 2.30 (t,
2H, J=7.2 Hz), 2.14 (t, 2H, J=7.6 Hz), 1.97-2.08 (m, 2H),
1.54-1.65 (m, 4H), 1.20-1.38 (m, 18H), 0.93 (t, 3H, J=7.2
Hz); >C NMR (CDCl,, 75 MHz) 8 174.62, 173.18, 134.12,
125.84, 51.67, 41.65, 38.94, 38.88, 36.82, 34.32, 32.45,
29.79,29.72,29.65,29.46,29.36,27.58,25.16, 19.40, 13.99.

22)

OH
H

Hydrolysis of methyl 16-butyramidohexadec-14(Z)-
enoate (96 mg, 0.27 mmol) as described above gave 16-bu-
tyramidohexadec-14(Z)-enoic acid (82 mg, 91%) as a white
solid. M.P.: 72.7-73.1° C. TLC: 75% EtOAc/hexanes,
R~0.40; 'H NMR (CDCl,, 300 MHz) & 5.28-5.70 (m, 4H),
3.76-3.90 (m, 2H), 2.31 (t, 2H, J=7.4 Hz), 2.15 (t, 2H, J=6.9
Hz), 1.97-2.18 (m, 2H), 1.56-1.68 (m, 4H), 1.20-1.40 (m,
18H), 0.92 (t, 3H, J=7.3 Hz); ">C NMR (CDCl,, 75 MHz) &
179.27, 173.58, 134.23, 125.66, 41.75, 38.86, 38.80, 36.91,
34.37,32.44,29.76,29.70,29.66,29.62,29.44, 29.37,29.29,
24.98, 19.42, 13.98.

EXAMPLE 18

Synthesis of 16-(2-(Methylamino)-2-oxoacetamido)
hexadec-14(Z)-enoic acid (23)

EDC1

N
HO ™~
0

OMe

NH,
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Condensation of methyl 16-aminohexadec-14(Z)-enoate
(crude 140 mg) with 2-(methylamino)-2-oxoacetic acid (54
mg, 0.52 mmol) as described above gave methyl 16-(2-(me-
thylamino)-2-oxoacetamido )hexadec-14(Z)-enoate (92 mg,
72%) as a white solid. M.P.: 104.5-1.4.8° C. TLC: 75%
EtOAc/hexanes, R~0.40. 'H NMR (CDCl,, 300 MHz) 83
7.80 (brs, 2H), 5.32-5.71 (m, 2H), 3.82-3.96 (m, 2H), 3.62 (s,
3H), 2.82 (s, 3H), 2.28 (t, 3H, J=7.1 Hz), 1.93-2.08 (m, 2H),
1.56-1.64 (m, 2H), 1.22-1.36 (m, 18).

23
0
oMe LiOH
0
&
— N ~
I
0
0
OH
0
§
— N ~
a1
0

Hydrolysis of methyl 16-(2-(methylamino)-2-oxoaceta-
mido)hexadec-14(Z)-enocate (75 mg, 0.20 mmol) as
described above gave 16-(2-(methylamino)-2-oxoaceta-
mido)hexadec-14(Z)-enoic acid (63 mg, 88%) as a white
solid. 118.9-119.3° C. TLC: 100% EtOAc, R ~0.30; "HNMR
(CDCl;, 300 MHz) § 5.12-5.47 (m, 2H), 3.58-3.72 (m, 2H),
2.66 (s, 3H), 2.05 (1, 3H, J=7.2 Hz), 1.76-1.86 (m, 2H),
0.99-1.41 (m, 20H). *C NMR (CDCl,, 75 MHz) § 182.04,
163.77, 160.03, 134.06, 124.53, 41.28, 36.54, 34.11, 32.22,
29.62, 29.50, 29.35, 29.17, 29.08, 27.33, 27.56, 25.03.

EXAMPLE 19
Identification of Agonists

This example shows the identification of compounds
which act as agonists of EPA and 17,18-EETeTr and thus
mimic the physiological effects of n-3 PUFAs and their CYP-
dependent omega-3 epoxy-metabolites. The agonistic effects
determined in this example consist in a reduction of the spon-
taneous beating rate of cultured neonatal rat cardiomyocytes
(NRCMs). This negative chronotropic effect reflects the
capacity of the analogs to interact with and to activate a
G-protein coupled receptor or other primary cellular targets
that reduce the contractility of cardiomyocytes under basal
and stress-induced conditions.
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Materials and Methods

The structures of all compounds tested are given in FIG. 1.
The compounds included EPA and 17,18-EETeTr (com-
pounds 01 and O,; purchased from Cayman Chemical) as
well as all but one (compound 16) of the analogs synthesized
as described in examples 1-24. The R,S- and S,R-enantiomers
of 17,18-EETeTr (compounds 03 and 04) were prepared
resolving the racemic mixture (compound 02) by means of
chiral-phase HPLC as described previously (Barbosa-Sicard
E, Markovic M, Honeck H, Christ B, Muller D N, Schunck W
H. Biochem Biophys Res Commun. 2005 Apr. 22; 329(4):
1275-81). Before use, the compounds to be tested were pre-
pared as 1000-fold stock solutions in ethanol.

Isolation and cultivation of NRCMs were performed as
described previously (Wallukat, G; Wollenberger, A. Biomed
Biochim Acta. 1987, 78:634-639; Wallukat G, Homuth V,
Fischer T, Lindschau C, Horstkamp B, Jupner A, Baur E,
Nissen E, Vetter K, Neichel D, Dudenhausen ] W, Haller H,
Luft F C.J Clin Invest. 1999; 103: 945-952). Briefly, neonatal
Wistar rats (1-2 days old) were killed in conformity to the
recommendations of the Community of Health Service of the
City of Berlin and the cardiomyocytes were dissociated from
the minced ventricles with a 0.2% solution of crude trypsin.
The isolated cells were then cultured as monolayers on the
bottom (12.5 cm?) of Falcon flasks in 2.5 m1 of Halle SM 20-1
medium equilibrated with humidified air. The medium con-
tained 10% heat-inactivated FCS and 2 pmol/1 fluoro-deox-
yuridine (Serva, Heidelberg, Germany), the latter to prevent
proliferation of non-muscle cells. The NRCMs (2.4x10°
cells/flask) were cultured at 37° C. in an incubator. After 5 to
7 days, the NRCMs formed spontaneously beating cell clus-
ters. The cells in each cluster showed synchronized contrac-
tion with a beating rate of 120 to 140 beats per minute. On the
day of the experiment, the culture medium was replaced by
2.0 ml fresh serum-containing medium. Two hours later, the
beating rates were monitored at 37° C. using an inverted
microscope equipped with a heating stage. To determine the
basal rate, 6 to 8 individual clusters were selected and the
number of contractions was counted for 15 sec. After that, the
compound to be tested was added to the culture and the
beating rate of the same clusters was monitored 5 min later
again. Based on the difference between the basal and com-
pound-induced beating rate of the individual clusters, the
chronotropic effects (A beats/min) were calculated and are
given as mean+SE values. N refers to the number of clusters
monitored which originated, in general, from at least three
independent NRCM cultures.

Results

The results of these experiments are presented in FIG. 1.
Addition of EPA (CO1) in concentrations above 1 uM to the
NRCM cultures resulted in a progressive reduction of the
beating rate. This effect was fully expressed using an EPA
concentration of 3.3 uM and an incubation time of 30 min. In
contrast, 17,18-EETeTr (C02) produced the same effect
almost immediately and already in the low nanomolar range
(EC50 0f 1-2 nM, data not shown). To compare the activity of
17,18-EETeTr with that of its synthetic analogs, all these
compounds were tested at a final concentration of 30 nM and
using an incubation time of 5 min. Under the same conditions,
the vehicle control (0.1% ethanol) showed no effect on the
spontaneous beating rate.

As summarized in FIG. 1, various synthetic analogs
showed a negative chronotropic eftect similar to that of EPA
and 17,18-EETeTr. These analogs are therefore designated as
agonists. Agonists included:
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(1) analogs containing a double bond in 11,12-position in
combination with an epoxy-group in 17,18-position,
whereby the epoxy-group is racemic or in R,S-configura-
tion (CO3, C2, C4 and C9)

(i) analogs containing an 11,12-double bond in combination
with a suitable substitute of the 17,18-epoxy-group (C11,
C13 and C24)

(iii) analogs belonging to category ii but modified at the
carboxy-group (C17 and C18)

In contrast, most of the analogs not carrying an 11,12-
double bond showed no significant agonistic effects (i.e. their
addition altered the beating rate of NRCMs by less than 5
beats per min). To this group belong C1, C3, CS5, C6, C7, C8,
C19 and C23. A shift of the double bond from the 11,12- to
14,15-position abolished the agonistic properties of some
compounds; compare C9-C5 and C11-C23. Moreover, with
some compounds the same shift of the double bond inversed
the effect from a negative to positive chronotropic response of
the NRCMs (compare C11-C21) or conferred a positive chro-
notropic effect to a compound that was largely inactive (com-
pare C12 and C22).

A comparison of the effects of compounds C03-C04 shows
that the 17,18-epoxy-group conferred agonistic properties if
present in the R,S-configuration whereas the corresponding
S,R-enantiomer was inactive. The respective racemic mixture
(C02) acted as agonist indicating that the effect of the R,S-
enantiomer was predominating. Exactly the same stere-
ochemical conditions applied to the 17,18-EETeTr analogs
which carry only one double-bond in 11,12-position: the
racemate (C4) and the R,S-enantiomer (C9) exerted agonistic
effects and the S,R-enantiomer was inactive. In contrast, the
analog containing only one double bond in 14,15-position
showed no effect as racemate (C5) and S,R-enantiomer (C19)
but an agonistic effect as R,S-enantiomer (C20). Thus, in this
case the agonistic effect of the R,S-enantiomer was abolished
when the S,R-enantiomer was simultaneously present.

The effects of compounds C11, C13 and C24 demonstrate
that the 17,18-epoxy-group can be replaced by residues car-
rying a suitable oxygen-functionality. These types of substi-
tution did not only maintain (C24) but even significantly
increased the agonistic effect: p<0.05 for the comparisons of
the agonistic effects between C11 (-27.0£1.2; n=27) or C13
(-33.7£1.3; n=24) with 17,18-EETeTr (-22.5+0.8; n=60)
and C4 (-18.3£1.5; n=21).

EXAMPLE 20
Identification of Antagonists

This example shows the identification of compounds that
act as antagonists of EPA and 17,18-EETeTr and thus block
the physiological effects of n-3 PUFAs and their CYP-depen-
dent omega-3 epoxy-metabolites. These antagonists were
selected based on their capacity to abolish the negative chro-
notropic effects of EPA, 17,18-EETeTr and their synthetic
agonists on the contractility of neonatal rat cardiomyocytes.
Materials and Methods

The structures of the compounds tested are presented in
FIG. 2. Potential antagonists included compounds C1, C3,
CS5, C6, C7, and C8, which were synthesized as described
above in the corresponding examples.

The bioassay was performed with NRCMs as described in
example 25. In the first series of experiments, compound C4
was used as the agonist and its effect was determined after
preincubating the cultured NRCMc for 5 min with one of the
potential antagonists. Both C4 and the potential antagonist
were used at a final concentration of 30 nM. In the second
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series of experiments, compound C3 (30 nM) was tested for
its antagonistic effect against EPA (3.3 uM) and 17,18-EE-
TeTr (30 nM) as well as against the agonistic analogs C2, C4
and C13 (30 nM each).
Results

The results are presented in FIGS. 2 and 3. The data sum-
marized in FIG. 2 show that the agonistic effect of compound
C4 was significantly inhibited by compounds C3 and CS5. This
antagonistic capacity of C3 and C5 became only obvious in
combination with the agonist since both compounds did not
exert any significant effect when added alone to the cultured
NRCMs (compare example 25, FIG. 1). The other com-
pounds (C1, C6, C7 and C8) did not inhibit the agonistic
effect of C4 (FIG. 2) and were also inactive when tested alone
(compare example 25, FIG. 1). The structural feature which
distinguishes the active antagonists (C3 and C5) from the
completely inactive analogs (C1, C6, C7 and C8) consisted in
the presence of a 14,15-double bond.

The data summarized in FIG. 3 show that compound C3 is
a highly potent antagonist not only of C4 but also of EPA,
17,18-EETeTr, C2 and C13. At a concentration of 30 nM, C3
abolished the negative chronotropic effect of EPA which was
applied at a concentration of 3.3 uM. Even the effect of the
most potent agonist (C13) was almost completely blocked by
C3 when both analogs were present in equimolar concentra-
tions (30 nM).

EXAMPLE 21

EPA and Its Agonistic Analogs Act Via the Same
Cellular Mechanisms

This example shows that EPA, 17,18-EETeTr and their
most potent synthetic agonist (C13) share the same mecha-
nism of cellular action as judged by identical responses to
several pharmacological interventions.

Materials and Methods

The bioassay with NRCMs was performed as described in
examples 25 and 26. Compounds used as putative inhibitors
of agonistic effects were: 11,12-epoxyeicosatrienoic acid
(11,12-EET from Cayman Chemicals; used at a final concen-
tration of 30 nM), AH6089 (unspecific antagonist of EP2 and
related prostanoid receptors from Cayman Chemical; used at
a final concentration of 10 uM), calphostin C (PKC-epsilon
inhibitor from Sigma-Aldrich; used at a final concentration of
100 nM), and H89 (PK A-inhibitor from Sigma-Aldrich; used
at a final concentration of 1 pM). The cultured NRCMs were
preincubated without or with one of the compounds indicated
in FIG. 4 for 5 min before the effect of the following agonists
was determined: EPA (3.3 uM), 17,18-EETeTr (30 nM) or
C13 (30 nM). In some experiments, the NRCMs were stimu-
lated with a selective EP2 prostanoid receptor agonist (butap-
rost from Sigma-Aldrich; used at a final concentration of 100
nM) to provide a control for the effect of certain inhibitors.
Results

The results are presented in FIG. 4. The negative chrono-
tropic effects of EPA, 17,18-EETeTr and compound C13
were strongly inhibited by 11,12-EET, C3, AH6089 and
calphostin C but were not affected by H89. These results show
that EPA, 17,18-EETeTr and their most potent synthetic ana-
log share the same inhibitory profile and thus confirm that
these compounds exert their biological effect via identical
cellular mechanisms. More specifically, the results indicate
that the three agonists compete with 11,12-EET, C3 and
AHG6089 for binding and activation of the same primary target
(the putative omega-3 epoxyeicosanoid receptor) and that the
subsequent signaling pathway includes the activation of a
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protein kinase C isoform as essential component. In contrast,
to EPA, 17,18-EETeTr and C3, butaprost exerted a positive
chronotropic effect. The butaprost effect was blocked by
AH6089 and H89 but not by C3 and calphostin C. Thus, both
the primary target of butaprost (EP2 receptor) and the butap-
rost-induced signaling pathway (involvement of PK A instead
of PKC) are different from that of EPA, 17,18-EETeTr and
their synthetic analog.

FIG. 4: The negative chronotropic effects of EPA (01),
17,18-EETeTr (02) and of the synthetic agonist C13 are
blocked by 11,12-EET, compound C3, AH6089 (unselective
prostanoid receptor antagonist) and calphostin C (PKC-in-
hibitor) but not by H89 (PKA inhibitor). The positive chro-
notropic effect of butaprost (EP2 agonist) is blocked by
AH6089 and H89 but not by C3 and caplphostin C.

EXAMPLE 22

17,18-EETeTr Agonists Protect Against Calcium
Overload and $-Adrenergic Stimulation

This example shows that stress-induced responses of car-
diomyocytes such as to increased extracellular Ca**-concen-
trations or to f-adrenergic stimulation are suppressed by the
17,18-EETeTr agonist C11.

Materials and Methods

Compound C11 was synthesized as described above (ex-
ample 11). NRCMs were isolated and cultured as in Example
19. The basal Ca>*-concentration of the medium was 1.2 mM.
Increased extracellular Ca**-concentrations (2.2, 5.2 and 8.2
mM) were adjusted by adding appropriate amounts ofa 1 M
CaCl, solution to the cultures. Isoproterenol (from Sigma-
Aldrich) was used as -adrenoreceptor agonist and added to
the cultures to give final concentrations of 0.1, 1 or 10 pM.
C11 was used at a final concentration of 30 nM and added to
the cultures 5 min before changing the Ca**-concentration or
adding isoproterenol. Controls were performed in the
absence of C11.

Results

The results are presented in FIG. 5. In control experiments,
the NRCMs responded to enhanced extracellular Ca**-con-
centrations with massively increased beating rates. Preincu-
bation with C11 significantly reduced the beating rate of
NRCM:s not only under basal conditions (1.2 mM Ca**) but
also at higher Ca®*-concentrations up to 8.2 mM (FIG. 5A).
Similarly, C11 reduced the response to increasing concentra-
tions of isoproterenol which acts as an adrenoreceptor agonist
and thereby enhances the contractility and beating rate of
NRCMs (FIG. 5B).

FIG. 5: The synthetic agonist C11 suppresses the response
of NRCMs to B-adrenergic stimulation (isoptroterenol, FIG.
5A) and increased extracellular Ca**-concentrations (FIG.
5B).

EXAMPLE 23

Anti-Arrhythmic Effect of 17,18-EETeTr Agonists
Under In Vivo Conditions

This example shows that the agonistic analog C17 amelio-
rates arrhythmias as induced by myocardial infarction.
Materials and Methods

Study design: To gain insight into the in-vivo effects of
synthetic 17,18-EETeTr-agonists, myocardial infarction
studies were performed in male Wistar rats. Briefly, rats
weighing 220-250 g were randomized to receive an i.v. bolus
of compound C17 (100 pg in 300 pl 0.9% NaCl) or only 300

15

20

25

40

45

50

55

60

70

110.9% NaCl as vehicle control two hours before induction of
myocardial infarction. For safe bolus application, animals
were mildly anesthetized using isoflorane. Two hours after
bolus application, animals were re-anesthetized with a mix-
ture of ketamine and xylazine (i.v.). Continuous monitoring
of the surface-ECG was started (EPTracer, Netherlands) and
maintained until the end of the study. After recording of the
basal ECG, myocardial infarction was induced by ligation of
the left anterior descending artery (LAD). One hour after
myocardial infarction animals were sacrificed and organ har-
vested. Samples from urine, blood, liver, kidney and heart
were stored for further analysis.

Method of arrhythmia analysis: Ventricular tachycardia
burden was calculated as the sum of all arrthythmic events
originating from the ventricular myocardium, which were
observed within the first hour after induction of myocardial
infarction. In order to quantify not only the frequency but also
the severity of the ventricular arrhythmias, an arrhythmia-
severity-score was calculated. This score was calculated as
the sum of the number of different arrhythmia events (PVC,
couplet, triplet, VI<1.5 sec, VI>=1.5 sec), each class factor-
ized by an increasing severity index of 1-5 (e.g. PVCx1,
coupletsx2, ..., VI>=1.5 secx5).

Results

The results are presented in FIG. 6. Bolus injection of the
synthetic 17,18-EETeTr agonist (compound C17) did not
induce any obvious negative side effects. Ventricular arrhyth-
mias occurred after coronary artery ligation and were
observed as single premature ventricular contractions (PVC),
short runs of non-sustained ventricular tachycardia (VT) and
ventricular tachycardia/fibrillation. Rats treated with the syn-
thetic 17,18-EETeTr-agonist showed a significantly reduced
ventricular tachycardia burden compared to controls
(7526.2£5664.3 vs. 56377.4£17749.9 ms/h, p<0.05, n=5 per
group); FIG. 6 A. Moreover, the arrhythmia severity score was
lower (125+25 vs. 336+93 arbitrary units, n=>5 per group) in
the 17,18-EETeTr-agonist group; FIG. 6B.

FIG. 6: Treatment with compound C17, a synthetic agonist
of'17, 18-EETeTr, ameliorates the frequency (A) and severity
(B) of cardiac arrhythmias in a rat model of myocardial inf-
arction.

The invention claimed is:
1. A compound of the general formula (I):

@

1
S N N N N e

or a pharmacologically acceptable salt, solvate, hydrate or
a pharmacologically acceptable formulation thereof,
wherein R' is selected from

%CHZOH; %CHzoAC; %CHO;
N=N
NHSO,-alkyl; \NH
2-alkyl; \N o NE;
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-continued
HO
HN—O
—\
; X ;
X A N O
N
O
SA(
NH; NOy;
(@]
SO,NH,; or

O
R2

R? is hydroxy, heteroalkyl, alkoxy, polyalkoxyalkyl,
NRR?*, (NHS(O),-m-(C4H,)Nj, or Xaa,;

R® and R* are each and independently of each other
selected from the group consisting of hydrogen atom,
hydroxy, alkyl, heteroalkyl, cycloalkyl, alkylcycloalkyl,
heteroalkylcycloalkyl, aralkyl, or heteroaralkyl;

Xaa is Gly, a conventional D,L.-, D- or L-amino acid, a
non-conventional D,L-, D- or L-amino acid, or a 2- to
10-mer peptide, wherein Xaa is joined to —C(O) by an
amide bond;

0 is an integer selected from 1 to 10;

Bis CH,, 0, or S;

m is an integer from 1 to 6;

T, U, and W are each —CH,CH,—;

V is cis or trans —CH—CH—;

X is absent, CH,, and NR>;

Z is selected from CH,, and NR™;

R’ and R* are each and independently of each other
selected from the group consisting a hydrogen atom, a
hydroxy, alkyl, cycloalkyl, alkylcycloalkyl, heteroalky-
Ieycloalkyl, aralkyl, heteroaralkyl group;

Y is —C(O)—, —C(0O)—C(O)—, or —S—; and

n is an integer from O to 6.

2. The compound according to claim 1, wherein R' is
—COR?.

3. The compound according to claim 1 wherein m is 1.

4. The compound according to claim 1, whereinnis Oor 1.

5. The compound according to claim 1, wherein Y is
—C(0O)— or —C(0O)—C(O)—.

6. The compound according to claim 1, wherein X is NR®
with R® being a hydrogen atom, a methyl, ethyl, propyl or
iso-propyl group.

7. The compound according to claim 1, wherein Z is NR™'
with R being a hydrogen atom, a methyl, ethyl, propyl or
iso-propyl group.

8. A compound of the general formula (I):

@

R N N N BV

or a pharmacologically acceptable salt, solvate, hydrate or
a pharmacologically acceptable formulation thereof,
wherein

R!is —COR?;

R? is hydroxy, heteroalkyl, alkoxy, polyalkoxyalkyl,
NRR?, (NHS(O),-m-(C4H,)Nj, or Xaa,;
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R? and R* are each and independently of each other
selected from the group consisting of hydrogen atom,
hydroxy, alkyl, heteroalkyl, cycloalkyl, alkylcycloalkyl,
heteroalkylcycloalkyl, aralkyl, or heteroaralkyl;

Xaa is Gly, a conventional D,L-, D- or L-amino acid, a
non-conventional D,L-, D- or L-amino acid, or a 2- to
10-mer peptide, wherein Xaa is joined to —C(O) by an
amide bond;

o is an integer selected from 1 to 10;

Bis CH,, O, orS;

mis 1;

T, U, and W are each and independently of each other
selected from the group consisting of —CH,CH,—, and
cis —CH—CH—or trans —CH—CH—, with the pro-
viso that at least one of T, U, or W is —CH,CH,—;

V is cis or trans —CH—CH—;

X is absent,—CH, or NR?;

Z is selected from CH, and NR”';

R’ and R* are each and independently of each other
selected from the group consisting of a hydrogen atom,
a hydroxy, alkyl, cycloalkyl, alkylcycloalkyl, het-
eroalkylcycloalkyl, aralkyl, or heteroaralkyl group;

Y is —C(O)—, —C(0)—C(O)—, —O—, or —S—; and

nisOorl.

9. The compound according to claim 8, wherein each of T,

Uand Wis —CH,CH,—.

10. The compound according to claim 8, wherein Y is —
C(0O)— or —C(0)—C(0).

11. The compound according to claim 8, wherein X is NR®
with R® being a hydrogen atom, a methyl, ethyl, propyl or
iso-propyl group.

12. The compound according to claim 8, wherein Z is NR™'
with R> being a hydrogen atom, a methyl, ethyl, propyl or
iso-propyl group.

13. A compound of the general formula (I):

@

\M/Z\Y/X\/W\/V\/U\/T\@,gB\/Rl

or a pharmacologically acceptable salt, solvate, hydrate or
a pharmacologically acceptable formulation thereof,
wherein

R'is—COR?

R? is hydroxy, heteroalkyl, alkoxy, polyalkoxyalkyl,
NRR?*, (NHS(O),-m-(C4H,)Nj, or Xaa,;

R? and R* are each and independently of each other
selected from the group consisting of hydrogen atom,
hydroxy, alkyl, heteroalkyl, cycloalkyl, alkylcycloalkyl,
heteroalkylcycloalkyl, aralkyl, or heteroaralkyl;

Xaa is Gly, a conventional D,L-, D- or L-amino acid, a
non-conventional D,L-, D- or L-amino acid, or a 2- to
10-mer peptide, wherein Xaa is joined to —C(O) by an
amide bond;

o is an integer selected from 1 to 10;

Bis CH,, O, or S;

mis 1;

T, U, and W are each —CH,CH,—;

V is cis or trans —CH—CH—;

X is NR? with R® being a hydrogen atom, a methyl, ethyl,
propyl or iso-propyl group;

Z is NR> with R’ being a hydrogen atom, a methyl, ethyl,
propyl or iso-propyl group;

Y is —C(O)— or —C(O)—C(O)—; and

nisOorl.
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14. A compound selected from the group consisting of:
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-continued
(@]
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15. A pharmaceutical composition that comprises at least
one compound according to claim 1 and, optionally, a carrier
substance and/or an adjuvant.

16. A method for treatment of conditions and/or diseases
associated with heart failure and cardiac damage comprising
pg,121 administering to a patient in need thereof the pharma-
ceutical composition of claim 15 in a treatment of heart fail-
ure and cardiac damage effective amount.

17. The method of claim 16, wherein the conditions and/or
diseases are heart failure and cardiac damage.

18. The method of claim 16, wherein the conditions and/or
diseases are cardiac arrthythmias, heart failure based on coro-
nary disease, dilatative cardiomyopathy, myocarditis, hyper-
tensive heart disease, diabetes and inflammatory cardiomy-
opathy.

19. The method of claim 18, wherein the cardiac arrhyth-
mias are ventricular tachycardia, malignant ventricular tachy-
cardia and/or atrial fibrillation.

20. The method of claim 19, wherein the atrial fibrillation
treated occurred after myocardial infarction.

#* #* #* #* #*



